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THEREOF 

(57) Abstract: 

PURPOSE: To efficiently construct the driving current to 
bo inputted to a laser diode by a method wherein, using 
Mg as a P-type dopant, the resistivity of a clad fayer 
to be grown by an MOCVD method is uniformly set 
irrespective of crystal surface. 

CONSTITUTION: InGaAlP layers 305 and 309 are fonned 
on a semiconductor substrate by deposition of source gas 
containing In, Ga, Al and P in such a manner that the 
first stripe structure 301a is contained. The second 
stripe structure is formed on the InGaAlP layer, and the 
second stripe structure constitutes the first stripe 
structure by a plurality of crystallogrophically 
no n -equivalent surface corresponding to each 
non-equivalent surface. While the InGaAlP layer is being 
grown by adding Mg -containing source gas to the source 
gas containing In, Ga, Al and P, a P-type doping 
operation is conducted uniformly on the crystal surface 
which constitutes the second stripe structure. 
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(3 11) AffiSr*tfii:S:#*i:-*-a»* 
92 9 IS<£05 u— »f y-f K. 

[fjf#JS32] ^l©^Sl:K-7*$^ 

(£S^ i: x 

©iSHW*»€)«IIBIB2©«SBB*-C3Kffii--5 (3 11) A® 
iO<c5f h7^7*Si: > (3 11) Affii: 

a»e>JKriEj|S2o*»*-c««Ei-5— »«>a'Jo^ h^WT* 

Si: J; <omtfL£ixZ35 1 05* h T'fifjtfc, 
InGaAlPiSftJ. «nE»tE±KWIB***rtl»C 

huIB^ 1 Mr 7 y KS±lcmilE^ \Mr=7-y YM<D— U 

(3 11) Affii 9 *-5^2<DX b7-f 
(3 11) A®t(iS*5SS B B B®J; 9 *)-cox h7 
x h7'C7'»3ti:. 

HuSB^lW^7y KS«t9 VJ^v^^K^t-y^f 
-T5# K— 7***flo»!l*J: 9*9, MfB^ XM'yyY 

ro^-r!)7tf2©iMtt5^2l©Jft!Jrtlr 
W^^ix-CsulS^iao^-Y y T irfiufBfl 2 y 
T i: OWJS*^ J: 9 JtSr*4i-5flHSyi k , 
B UIB?§ttJl±(-fulBe'ttMro— Set LT, ^ofiutB^ 

/£$*vc*9, mtaa^ratwfiEfti-s 011) as 

i*J'i5g3ro^h7'f7'Ii, S5tB^3K»^ h7'C7' 
SOi^{i!)T-HufBS^*-f6]^SffiU (3 11) AffiiUS 
*5^b b bSJ: 9*S— M©^ h 7^ 7*ffi t <t 9 
ix, ISIEft#*fiIfcJaiaEi-5SB3 0^ Yy^ymmk. 
I nGaAl Pi9*9, Bt)fBeteS±»-HufEg#*-(S] 
CJfIl©4B«*»t>»2«>. *fffi]ffl!lCgC*-CSffii-5i 5 
(C^fiS; $ntg2i0^7y Kit, 
8UlB^2£0^7y K^±»CbuIBS2<D^7 y KiiO— ffl 

tit. a»ome*Wtts«te»j«3Kfc^7-f 



(311) AS«t945*4^h7-f7'Bi:, 
(3 11) ABtttgft^ffa® <fc 9 ft£ — h7 

miB^W»a«±tc?grtS^T» 1 0Stt4rtt^S 1 
®<D ^rt!J7 SrlulS^ \(D# =7 y YM frit UTfufBfStt 

■KttA-raasi + yraAfgt, 

^^tt 4: jiaecoffittco^ 2t^tyr Sr-atria* 2 <*> ^ - 

^A^gi SrflUxJl&lBS 1 *3 J: V* 2^?tx K**>- 
**HZ n*s±tfS e tcj; "9 [^^td K— 7* £ ix* r. 4: tc J: 

W £ At* 5 ««t»5«*»3fi £ 7f£/£-r 5:^ 1" S 

[OOOl] 

[0 0 0 2] u— if^-f KOtfc#ttft»Jt* «*.tf 
3t«*-r-f * ^©«#<Die**vvbi$>5 P O S 

[0 0 0 3] ««fciR*3t^— ^^J:9E»«»Jt^ia 

# v n . . % tr — A R JBT-tt ft 5 fflfi V R JgJKtt t ft 
ft S*t"0*5. 

[0 0 0 4] 

[ffi3f5^a«] B4 1 ttv y y ^SWiS^L" 5 ! 

[0 0 0 5] i4l?r#B3f5f:, u—lfy^*— Kfi 
n^G a A s Iffil 0 1 (10 0) ®±l-«£3c£rL 
£ Q (100) i±ClinSGaAsJ:^^^77r 



ISM 5 ? 6 - 4 5 7 0 8 

H0 2^xt^^v't^S*^ $5>l:^y7r* 
1 0 2±i:ttnII nGa P J: 9 ft 5 *MJB 1 0 3^^ 

[0 0 0 6] fRBJH 0 3_btCH, nS I nGa Al P 

$ b^K-7'I nGa P £ 9 ftSffite/l 10 5^^7 
y KJi 1 0 4±tC3ib^3p-i/^/WjSc***vS. V*off 
0 , fSttJl 10 5 _hlCtt pilnGaAlPJ:^^^ 
7 7Kll0 6«Sft, Sibldia^^i-CttpSl 
nGa PiDftSxyf^ h^Il 0 7^7^ 
KJBl 0 6±JC»^Six5 0 £<blC, pIInGaAl 
P <£ 9 ftSJ3U<0^ 9 y KJi 1 0 9 I n G a P <fc 9 ft 5 

* ikm 1 1 o btm&Mj&£ftxmft*m>&mm*mj& 
tcH^ttLftu^BSMtvy = v«as±£«six5 0 

£ e ^s/^^^Ofe*. 1109-11 0Sr*A/«y -y 

^W^nSGaAsS:itat5o nSGa 
AsS«l 0 8 a, 10 8 b 7^[^ L/c <£ ?\ZV 

[000 7] El 1 <Z>«3£-Ctt. y y v?«3t J&*fe*a> n 
m<DG a A s 1 0 8a, 108b \ZX ^X^^tb^ 

^*f>f k*jbj*u, i o 5«f-e«fi!ESJxfcjtt±y 

COG a A s AH nGa P^ I n G a A 1 P X 9 K 

-tO«*!l« 108a, 108b iC^^T/SST^^t 

{RiJCDG a As««l 0 8a, 108b ^n^tC K— 
ttTV>-5fc^|gibmSfttmjlsy yv?«3fiSr«Etv5J:5^ 
5 »t 5. 3&^5«««*^ie*, B410I/ 

H05tltInGa Ptffiot^5fc»»6 8 0 n 
m^fit^I^^JSIt^5 0 -rft*>*>, H14 1COU 

[0008] — *\ 0 4 i ou— f ?<< vn&±£ 

W^ix^Tttf— Atttr— ^ORftffi^Stt/lJCTK^fta 
^tiI4i^K'IMfW<i:oTLS5o 0 4 



f ■ 



Sic, *^*«n»tt^>tr-Aofttt*iRi«[3ttr--^«) 

[0 0 0 9] ^5^iRifti^ l-CgttlWlT 
JftipasftftSr. irtcJ: 9 £C3 t>coi:#;t<b*x3 0 1"ft 

5fclC&W1#f¥ffi»&BB3SO 4 5 4 4 7 6 
-f-tc^T. S«±Ki* U m&M**^ 

[ooio] H4 3tt«riatt*^)«3R»-*s^-if^-f 

[0 0 1 1] H4 3Sr#BHi-S»c, m 
Wi« pSac K— ^SttfcG a A s Sfi2 0 li^HUS 
Six. (10 0) ±BS:*-rsJ:5^*dtS*tT 

* fete, Sfi2 0 1 ±tcte (10 0) ffi± 9 ft 5 
^S^^Of^aiJtC^^gStt^ (111) B®J:9ft3{a!] 
^®i:tC<t «9®^$^^^^«^2 0 1 a^ritSixT 
1^5. ^tSit20 1a^t6 (10 0) ffittU— 

«at§rfti- 0 

[0 0 12] rcoj: 5K»jS;£ixrt:iE«2 0 1 Kite. * 
1M#i£2 0 1 aOii^ftVU =r >-^* ^ T^I Lfc 
fttttnSG a A s &=\+9*is + A'\zmm'rZZb\Z 
±9. «8EW^«3S2 0 23&Sfl£j£$*L5 0 GaAsSS 
2 0 1 <D (10 0) StC^-LT^^tC^aE-r^ (1 1 

((3 11) BBtO/SfiaSffasa^fc* (3 1 1) B 35 

3&saiRe<jjc*ai-s<afp]^fc5 0 io<t5 

tcL-C^^ttfc^f^^'> J r/^2 0 2f*. 
2 0 2 a OffiffllJUlS&L. GaAs(D (100) 3atCl*t 
Lt»* (3 11) BBS:lrt6ri:S:#*it5. 
::ixtcj;9. (3 11) Bffiliv— if^V;*— KO^ h 

[00 1 31 12 0 2j&s»2jK£ixT^*^as|»*£ix5 
ts ^^ait o ^^^^/^StC^ft^»ft*g0 e aS^ 
?#5fc»JCpS!^G a A s J: 9 45/<y7 7i 2 0 3^ 
^t'**^/w&ssn. fBinoi:»« 

"Tip 3! I nGa P «fc 9 ft5<PI8]Ji2 0 4dS/<y7r« 
2 0 3JblC^t*^*i^/H£fi£ix£ 0 ff B 1!2 0 4± 
JCttSfeJCpSl nG a A 1 Pi9 45^7^ KJ1 2 0 
S^fc'^^/W&fiSix. S5)l:^75'Ki2 05 
-t\Z{*& Y—~7 I nGa P<fc9ftof£ttJf 2 0 6 2^ fc? 
**v-^/U/&g£ix£ 0 
[0 0 14] £<bK. 0 6 JilCtenS! I nGa 



#W6-4 5 7 0 8 

AlPi945^7yKl2 0 7 3&Sifc***^*/WS;ft 
Six. 114 lCO^jf 1 0 3^*t/Si"5nS!l nGa A 

1 Pi 9ft5 c f 3 R3Jl 2 0 8 7i^t'^^'>-r/^SSiX 
-60 £ e>K*IWi 2 0 8±Clin + ^Ga As J; 9 ft 
5 = hJi2 0 8i6S^f^*>'^r/^ftSix, 

9? VM2 0 9<D±±miS£Tfm&2 0 1^)T±I^ 
/&SixTV^ 0 rixib^^it^^^^/uStiM^JFf^ 
ftSaWSrB-f 5aS"T?MOC VDffiKJ: 9 JKj&Stu ^ 

AlT<5o ii*tt. piK-/^hkltAn^ttfflS 
ix. £fcnS h t LTttS e fc5^l*S i 3& s fiE 

*>ix£ 0 Z nfi^t^^^-r/u^^r^-t^^"^^^ 
i:^^f;Hfi ( (CH 3 ) 2 Zn) SriS-fr-*"*::^ 
* 9«A£*t*<afc*tU S ef**3f>ft:-tr u-v (H 2 S 
e) Z 4: A Six 5. S i «r(5E5»*tt-> 

7V (S i H 4 ) fcevMiv^i/^y (S i 2 H 6 ) 
;bix£ 0 

[0 0 15] 14 3 0i/-f^t- Ktt±8MHSi:T 

0 6ic^r-Y y T*&ATz>^tx~W)fc$:ftoo 12*009 

"Cfi. p SSffi 2 0 1 t:iiA S ixTf^teJf 2 0 

6lcGja»o-CSEJx, t^tSS20 1 aSriiiS-TS 
BRINKS 2 0 1 aW«fc»J**ixfcnS!Ga A s jf 

2 0 2tci 9 y TO^fEffl3 s ftS*x£o 

ft. *-/Wl^ 77KI2 0 5 O^ffiKliiRWt-iiA 
Six. KJ12 0 5d»e>S-l4Ji2 0 6tw«ft 

ix x SteJf 2 0 6 tC*5V^T±ffl5«ffi*»?>ii 2 0 9, 2 0 
8*5*1*2 0 7SriioT«'l4Ji2 0 6 tC&ASixfcm^ 

ICS** SrtI T jft tf- A S it 5 C 4: tt: J: 

9. )ttr-^oii*i^^c^o 

[0 0 16] — ify-f;*— K0>«/£i;:*3^T 

H. 1203-209 fi^TSulS^ 2 cDp< i^SigcO^® 
»«JcSE^Lfc»«S:*b, **<OJitt^*«iS2 0 1 
aO (10 0) ffi(C*H|ELfc (10 0) St-*9#}2:^ 
tffcixSSa*^* h7^ ^««Sr?gJ5R*lx-Cft5a -S b 
tc x ^(^^ hyW ^ffi*Stt«*rp]4:. (100) 
PliR'J^^^Sixfcil 2 0 2 CO (3 11) Ba5IC*tJSi-5 
®*b3& (3 11) B co^Hatc* 9 lU^Six^o ^^ful5 

(10 0) ® (i^ar-^ iMHiS 20la <D_t£Stc¥4T 

7^r^««^*5v^T*i:, :<ot»B4 3co^^-(^A 

[0017] 

H. ^/TO^t*^^r^>^yV«fi^a a B^WlC^ffift®$: 



(8) 



«NH¥6 -4 5 7 0 8 



[0 0 1 8 ] HI 4 3tf>KBK:te^Tli. ^7yKl20 

fftttt (ioo) BB-ew«<5ite>*t5ffi*-e. *2*sj: 

V»3 0«*tt (3 11) BffiftWttfcU fiufS^ 1 ^ 

a*. }&^5«5S-ett K— h^ggu—^a^ 7 y K 
12 0 5<7>»l— ^3<offl«-ca£fti"5wi:dsatilStt 
fc 0 <fc 9 ftfleWlCfi* Z n Oigg W</W* (311) B 
S # <b JT, 5 35 2 *5 <fc S§ 3 <Z5«« t »t £ « 5 
a* (10 0) K-C4»*<5*te>ft5JBio««*c:S3ltaJ: 
9 fcW < 9 * K— h£>»ft u^/KDSEffclc 

3E*fc3& 5 £CS t^77 KJ1 2 0 5 offigt*dSffij|5» 1 <o 
«*^*5V^T-tOWffl|^*2, »3tf>««J: 9 fcW<fc 
ottiv\ aA$ixfc«8itdS|a4 3fc^PP"C*i-J:3 

W:ffii£Ji2 0 6(0^ h5>T:/««ft2lE]LT«;h/CLS 

[0 0 19] Sfctc. Q4 3 tC^SESE© if^-T^ 

fc. -t-4fo*>, ^5i/-w*-Km aAmss 

^^v-^/U/i-CZ nj»«!&5iS;< 3i5S*W:. MOCVD 
:/d -£ * * t - ^ NT^f B ft 4: spflH" 5 Z n ^JRStEE^K 

s^te^t'^^/Wl^tcii^z n»«ftHSi"5 
[0020] s£ox. *«w<o«swae«jttS&E<oB3H 

8= * Wfci" * w t \z h Z> . 

[oo 2 i] **woj;9ftttW*attr*. °r«7t^s 
"C** C5:t4<* tr— A ft5S£T-£ 

[0 0 2 2] **^8iJ<^@ttf*, SSfi3*MtC#«Hffifc 



ffiSr$*0fS*lpJ^JS«Ei-«^ h7^«i£ft^£*t 

ift*S:ft*tti-5 w 4: KfcSo 

[0 0 2 3] #«9?<0$fcJc»jOBttW:, j»*Wft«8ft 
«*fir*m-C#5, fB**u— KO»JS*«fe 
ft^«1"£;:4:tcfc3 0 

[0 0 2 4] 

[KHS:»*i-S#«l *3693ttu ±i50@ftft. 
MS (3 0 0, 3 0 1, 3 0 2) CD^SJitC^lO^ 
b7<f?9t]& (3 0 1a) ft, ffifS^— h^W 7"fll 

fcfflft^ffi (301c, 303b!, 303b 2 ) Ki<fc 
9«#Six*£5fc*J*i-SX&i: ; *MM t aMM6*± 
^ ffilfBSl h7^7 , iig (3 0 1a) Sr-g-tf <t 5 

InGaAlPl (3 0 5, 3 0 9) ftln, G 
a, Al, Pft^t?y— *#*£>##twj; 9. SufB** 
#«Si:»Lts tT* * V— BMSftlii* Uft* 5>»/fc 
U ZVmmft I nG a A 1 Pit Id ^ 2 CD* h?^^* 

5 Jcjg*i"SXa 4: «r*tf ^— If ^ KO«a*ft 
^^io^^T, tuE I n G a A 1 PJi^fttSHI^ Mg 
Sr-^tf V— ^#*£rl!u!2 I n, Ga, Al, PSr&tfy 
-^^^D^L^I^a 9 , WI5I nGaAlPl 
fuf5^2^^ hy^^ftig^t^^I^ 

^ h^^T'u- if^-r^— K<oat3t*86^J:9. Xfl* 
^ffS« (3 0 0) (0±B±^*1<0^ h^^T'Wig 

tc3aEffii-siefi^wtc#«ffi3i«?Roa5 o o 1 c 3 

03b l( 3 0 3 b 2 ) tdJ:9*rit*ix*J:3^»*-t" 
5X^4r, ffilE*»»a6«±lc. IfufSJtS 1 h 7^ -? 
mm (3 0 1a) $T^tf<t9tC x InGaAlPl (3 

0 5, 3 0 7) Srln. Ga, Al, P£r*£tfy — 
^<0»WCJ:9. ffilS*W*WS^»L-C^tr^*V- 
HflSS:*6»U*dse>JBJ5EU. ^rCO^HtJfS I n G a A 1 P 

tOStci 9«^$^-5<t ^^JSJc-raXStSr-S-tf 
if^^— KfiOSit^&twio^T, JEtw, mJfSI nGa 
A1P1 (305, 307) ft- K-^tSlStt, SulS 

1 n G a A 1 P«ft. *<DrfL&V$\Z % In, G a , A 

i , pcoy— ^^f^tcpS k— hoy— t n 

p m K-/< V h t fufS n S K— yhiriao l^^tc K 
mjf£ I n G a A 1 P/Iom^ftteKft Su!E I n 



(5 0 1) <D±m±^. Bff^*lP3lCS£«EU-C 
«SB*»J*"*-S (311) A® (501c) *<SAstdm 

1 (5 0la) ; «r 
E¥W(«£tt±»C. ftulSSgl^* h^^flfit (5 0 1 
a) *-&tfJ:5^, InGaAlPit In, Ga, 
Al, Pfc^try— ^*f^o5^*HwJ:9. WE^W** 

O^SuISI n G a A 1 P/ftC*2cO;* hy-f^ffi^*. 
fiuffi (3 11) AffiK*ttS-J-5S'J<Z> (3 11) AOa (5 
0 8 a) ^SH5± 5 IwJBfiE-raXSfcSr-S-tf^— If 
jf**— KO»3t*-jSfe^*5V^T. HtC tufSInGaA 
1PI (3 0 5, 3 0 7) £ K— ^i-SXStt. tufE I 
n G a A 1 PJf ^cO/SS^t^ In, G a , Al, 
PCOV — y*U*\ZZ nCDV — Xtf*b S e — 
i:S:an*.5w4:lc.fc9, fluE I nGa Al PJBSrffiE 
(3 1 1) ABtc*5V^T pS^-J-SXSSr'&tP^irSrl* 
«fci-5»Jt*«6K:i9. Xtt*io«tt**&JB2 0X 
3*fRl«»«*-Cft#*lR]^iEaE"*-5^**»:WR (3 0 
0) i: ; UftE*W»»R±^»j«SJx. StEft¥*fll- 

Huismi^ffi^ i «bSuis^2^ffia5*-e^ffi-r^ do 

0) E<fc9ft5*l^* h^^^S (3 0 1 a) # 

* (ioo) atf^^5^ B B B ^fit^wusuiss^^ 

tcfufS^ l cD«A*>«>lfflE% 2 <o*«B*-C3EflE-t-S-» 
<D&ltDX h7^f :/E (3 0 3 b lt 303b 2 ) ££9 
ft 5* h^-fT'iig (301a) fc ; InGaAlPJ: 
9 49. «rE*K±^«rE*#*rR3fc»l<o«8«A»fe* 

2 co. sa-fPiftifisasi'csaEi-s-t we* 

(3 0 5) t ; milE^l^^ 5y KJiJ: 9 fc/h£v x '*> 
K^t y ^Srtti^ K-^SM J: 9^5, JiulE 

* h 5 -f^WJS (3 0 6) t ; I nG a 
A 1 P±949 % SuEffittJi±tC«jEfi**-r«lJw» 1 O 

*u i»E*w*a««cjgj«aF*tfc^ h^-f >^«3S»caE-fr 

7yK« (3 0 7) t; «rE*a»*S«-b»C«J5!tS*tT 

S i ol£ttSr*ri-585 i a<o*^ y r £mjESI l <o? y 
y K*Sr^Lr«rEee«^ttA-*'S* i 0>*-v y ra 

Afg (3 11) fc ; ffiES20*7y K«±lC«j3ci* 
^TS2tD, ffiESSi <offitti:ttie<oSH4<D»2aa>^r 
y T £rlt1Ji^2 5 y KJl&^LTBuESttJBKffi 
Ani2^-rU7aAfS (3 0 8-3 1 0) i: <t 
9 4-5 i"— f?**— Ktc^J^T, 8515^1^^1/^2 
<Oi7 y y VM (3 0 5, 3 0 7) <Z>{5Hxj&>— #(±M g £r 



#BB¥6 -4 5 7 0 8 

93E* 7^JSO*SilcH*>e>r*«tt^-«^W 
A£ixTft9. —Xi&jjtofyy KJittnMtC K-^S 
w i: t5 ^ ^- Ki: J: 9 , X 

f*Si<o»«3!lc K— 8i<D«S^e,82^ 

»i^««Sffl*-c***iRiiciEaEi-5**#as (30 

0) t ; «rE*W»«E±»c««Six. ftuES^ffttc 
mJESia>*ffl*^«uE»2^*gg|54-C5E«Ei-5 (10 
0) It945Sl(07 Yy^zfm (3 0 1a) 1: . * 
/p (10 0) ffiitt»<c5fefi*ffiSr^TLliaE*^rp] 

use* 1 <£>«bbm> e> iuE» 2 osisffl* -cffi&i- 5 — a* 

<DW<DX hy^yW (3 0 3 b l , 3 0 3 b 2 ) t X 9 
4#/££tv5*lco;* h^^T'Sig (3 0 1a) £ ; In 
GaAlPi949, «rESffi±K:WE*#*6Hw* l 

SnfcSl©^7y KJi (3 0 5) i ; 1tm%\<D$y 
y K/f ±tci«JES& 1^77 KJBO— 66 4: tt, ^omi 

3^*jftSix-c4 9, «rES#*r^^aaE'*"S do 

0) ®<t^45^20^h7>(7'5h MI5^2co^h 

5-r^ffi^Kffli"effjES^rp3(-SESEU (100) at 

tt» ft 5 ££ B S B S J: 9 ft 5 -1tf<0 ^hy^f^tX^m^ 
£*u «rE*#*r^»-ffitti"*SB2o^ h9^^*5t 
<b ; m^W,l<Ofyy KJi<t 9 t/hSw^ym^ 
Z^-r%# K-^^WfftfJftJ: 9 4 9. t5IS^ 1 y 
«y K«±tc«*S*tTlltrE«#^rrRl^»lo4!B»**e>» 

®co^^ y Tfc*2<D«tt*^i-*SB2«o*-Y yrt 

S:St|6SJiT«lE»ia<0^-ir y T t SuE* 2m<D*-r 
yr-fco?f*S^cJ:9 3tS:»4i-5Sttll (3 0 6) 

*w»rtSixT4 9. 1WE***rft»wiiflEi-5 (10 0) 
®J: 9 ft-5^3co^ hy^zf&t. BuE* 3 co^ h t-T 
y®cOf^«ijT-tufSS^fS]^Sffib (10 0) ffitttft 
ft5/g B B B ®J:9ft5-^t^^ h^^^®^ J: 9»fi£S 
ix, H5Efi^*fRl^3i«E'1-5* 3 h 5^^11136 fc ; 
InGaAlP<t9ft9, fJlS^ttS±t-HtjlS5^*"fS] 
i:SiofiSA»?)»2<o, *frpj«SiB«fB4"CJiSEi"S J: o 
tzm&£tv1t9i2<D*yy K* (3 0 7) £ ; HufS* 2 
<D9yy KJHi:«uE»2 0^7y K^co— fflfc It, 
^oWE^aiflcSJtEI-^riESixfc^ h 9 ^«SS«c»-& 
i-5i5^fiE*ix"Cft9. ffiJE*^*l*l^3Sffii-5 
(100) S J: 9 ft-5*4<0^ hy-tzfrnts SulB*4 
h5-<^ffi<Ol^ffl|"CffiES^*rF]»-ESEL (10 

0) Bi:tt*4a«fiBJ: 9 45— h^-r^Bi: 
±9** Six. BuE*^lp3J-Sffii"5»4^^ K5-f 
^WJSi: ; WE*W#Sffi±fc»j«$ixT» l ^>@i4^r 
^f>5gli^^t !)7*S}ESiW^7y K/iSr^U 
TWESttli^aAi-S*l^*iryrffiA*« (3 1 

1) k :1fif&M2<D#yy h*m±lzffif3L£tLXf£2<D* 



(10) 



#PJ¥6 - 4 5 7 0 8 



mmm 1 <om^ t a&<Dm&com 2 m<o *^vt & sue 
^rtyraAfe 00 8-3 10) t<t^^^-f 

(3 0 5, 3 0 7) CO— JfiZ n*3 iVS e tCj: 9 f^B# 
fc: K-r/SitSr. kiz£ 9 \s— Kl£i£A£ix 
fcK»««E&ffiES'ttJi (3 0 6) <Dp-t>mJf5^3 0^ 

5 C <t t#«it5 u-if *— Ktd 
£9. XttSl^»«SKK— «l^i!8SB^?> 

(3 0 0) i: ; «uE¥«#Sffi±K^/S$*U buES^ 

(311) Ali9 45»10^h7>f^i (301 
a) t, (3 11) Affifcttft*5;l£fi;frte&*rL 

iiMBft gy^ftj ^«rE» 1 «>«8«a> e> tuism 2 

SEffirS— »^S'J<^^ h7^7'I (3 0 3 b I( 303 

b 2 ) tx vm&znzwiKD* H9>r^*5S 001 

a) fc ; InGaAlP<fc9*9. BuESffi-btCfiJE* 

Si 5\zJ&tfL£ti1t$gl<D*7v K* (3 0 5) ^;bu 
E*1^7y KJi±^«TEjBl0^9 5/ K*<0— ffk 
L-C, *»OTWE*»*S«fc»^SJLfc^ K9^7^IJ1 
KS*r5*5K:»J«3ti/C*9* «WE*#*lR»-3ffiSE 
1*5 (3 11) Affi<fc 9***2 0* h^^^mt, hu 

(3 11) Affifctt»*a*NIE£ 9*5— *t<Z>* h7 
^ffitJ^flteKStu JKrE«#*fRlJcjffiflEi-S3B2 0 
* hy^/g^i: ; WEJBl<0^9y K«i 9 >b/h$^ 

ME* l<0^5y K«±Jc*J«*Jx-CimEft 

ico«tt*»e>jB2o, »iRi«««B*-ettaEL, si^s 
5 # i sco*^ y r <t jg 2 <z>«tt*:»i-5» 2 

m(D** V T fc&#»SftT*&E*l«tf>** y Ti«r 
Effl 2«co*-^ y 7t<0^^«t 9 #4:$8£i-5fiHS 

i 006) t ; fflEStt*±fcmEe«yi<0— l 

S*1"5J:3i;i«lfc£;h,T*9* WEft#*lpJtcKffii- 
5 (3 11) ASi9 45S3(0^ Y^^^mt, SuE 
^307 h^^^ffiOKftycStJEfi^lpUCffiffiL (3 
11) AffifcliftttSjefiffiJ; 9 *£— 2t<0* h^-fT' 
ffifc <t 0»fi£gFtu. SuEft#*rRltcSfiEi-S*3(0^ h 
; InGaAlP<£9*9, 1IMEfiHSS± 

JcWE«^*ifij»c»io4li»^fe*2 0, 
-CSflEraJ: 5l-»/3c£ivfcS2 0>^ 7 7 K/l (3 0 
7) t ; fuE^ 2<D? 7 y KJf -LlCfuE^ 2<D# 7 *y K 
/Ico-SB^ It, 3&»oSSE^**S««c^S*vfc^ h 

(311) A®<£ 9 45»4(D^ h7^ 
~fmt. fttjE^4<o^ h 5-f 7"S<Di^ffl!l-CmjES^^fS) 



tc$££L (3 11) Affi£tt»*6*S B B B ffiJ: 9*5-2* 
^h7-f^aoi:J:9»*S^ mEft**lR3twJi«E-r 
5jg4co* h 7 J: ; 1WE*W#S«±^»«$ 
tvclg 1 <DM&%^i-Z>m 1 *t<0*^r y T^fiuEfg l co 
KJlSr^LTffiEettJitcaA-rSSlcO^^ V 
TSA^g (3 11) i ;WE»2^5yKJI±l:» 

(O** V T*imL%2<n>2 7 7 KJiSr^LTfluESttJi 
tcaA-r-5^2 0^^ y TftA^S (3 0 8-310) 
tS:iiWE»l*iitJ J »2^^7yKB (3 0 5, 3 
0 7) (O— jj&Z n&Jzt^S e tCj: 9 I^tC K— T^tt 

HijESttJi (3 0 6) co?*>liuEgl3co* h^^^M 
[0 0 2 5] 

5 K— K04^*Sr, KJiT»<Ojj*fiffi{c 
JRH«^«IS— fttci-SC 4r*s-C#S, 56 

^ h 9 SttfcG a A s SS±tc»jSc£ix 
fc u— Ktci3V^TB»1tSfE<0«lS:S:lHliBf 5 

3:i:(:J:^ JIM u^</wco K— \z * 

5 0 Sb^. Mg K-rSht^5y KIt*K-^iS 

If-Sr^-TSr i^-CtS. MgOfltftS:2»rt5;i: 
tcj:9, ^ 9 7 KJ1^0MgO*AttiE*>tcfpJhSix 

ti5^7yKIi:SlTMg K-fVi/^tTo^#^^ 

[0 0 2 61 **M^*2(7)fl#aJC«t^tf, IpI— CO ^7 
y Kil^tC, OMOCVDftCJ: 9 , nS^b 

S tics e *nl K-/-?y h t LT«n iCi 
9. *^4»itS:»*"*-ar i36S"C#* 0 fcSVMi, p 
S K— h nSK-^V h (D K— y^^^^M^ \Z 
t£>£i-Z^ kiz£ 9. ^ 9 y K«<Otp<oWE» 1 tf>* N 

i9fcK<R*i-Sw4:36«-C#, ta)g*;7yKll: 
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* 5 * h 7 4 5*«3t«>»*tf±IB l"^5y KJS*Ji tf^ 

f5i<Dxhyj7'mi,z$ifcLxmm£fr-fcnft7bK mite 

5. 

[0 0 2 7] 44S9J<a$ 3 ©Wftfc. .fcfUi, 
[002 8] 

[002 9] *ai#3H-3R'«>#K* J ie*ffi*v^b*ffiKJ: 



BE* 
III 

V/lll SUt 

[0032] gllil nGaAl PJf tidbit -5 Z nig 
S*Jit/MggS§r (10 0) I±(OZniSgC»LT 

9 td I nGaAl Pif tp<OZ nigg/JS. Se&BW ( 1 1 

i) Affi^ofsift*asjt*-raK:o*tT*«ic*i*o-*-s 

<Dfr*>fi*Z>. ZnggligiI*S (3 11) AffiT*£>2> 



5. MO C VDSfM Lfc^Mli^: <OM 

^■SgH^SfcioT^tS^Swi^^s,, I n 

G a A 1 PgfBl^AJWcZ nrotlixt^Jr->^^ 

^5*s^$ix5>/gSEro (ioo) mztt-tzmmniz 

[0030] illilnGaAl Pit) ^CSaf^Jfi/ 

$:&&<D&tfi&lz3:y SLm£titii><7>-?lbZ (Kondo, 
M. , Anayama, C. , Takanashi, T. and Yamazaki, S. , Si 
xth International Conference on Metalorganic Vapor 
Phase Epitaxy, IEEE Catalog #92TH0459-8, June 8 - 
11, 1992). IDl^tCli, i&<DXmz.n&£iXlZ.Zn<D 
=f—9 MgtZn© K— fc*>^te I n G 

a A 1 PJBSrMOCVDfetwJ: •JJ5fcASl*r5B£lCA 1 , 
In, Ga, POy-^^ti;^^wB9 ( (C 5 H 
s ) 2 Mg) $>3V^tf* (->;7 n^V^v^^A-) -v 

? <£> y — * £SA1- 2> r i: ic «fc t) Hfr $ 
tv% 0 Hit. HUUS.fcU'S^U *7taE3^*5il/^gg 

^LiS-tU^E^HS IMS»*fgM> ^fcH^Ufc.fctf 
*EattC-Vffl:6©**«rfcS>*>i\ MOCVDSI: 
J: S^ft*!*** i 

[00 3 1] 

[Si] 



fcfcU (Ill) A^rS]lc{SMLfc (3 1 
1) EliGaSSrff^U tSoT (3 11) ASifc 
5„ -36T. (Ill) B#flK:«<SH.fc (3 11) ®fi 
A sS&ML. Sot (3 11) BffiirfcS. 
-S^fB^lSliLt/Tti^l: (3 11) BfficO^-MS 



(A 1 o. 7 G a o. 3)0. 6 I n 0. s P 

7 3 O'C 

1 . OxlO' (Pa) 

8 (SLM) 
- 2. 4 x 1 0" 5 (mo 1 /m i n) 

6. 4xl 0" s (mol/tnin) 
2 6 9 

3. 5 (pm/h) 
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Z nSSttJ: ^tt^tCia^L. (3 11) 

[0 0 3 3] CtUcStLT, Mg(Di-&t:il^B S aS^ 
(3 11) Bffi*-fpJtC««4S^TtMg»ff U^</W±« 

00) it (3 11) Bffi-eiRli:tw<c5 Q Zfi 
|:»IT, SSSffi^ (3 11) Affi^ffijlc«&1-5i:M 

Znf4InGaAlP^5>«ffil:I«l:io 

[0 0 3 4] B2liInGaAl P lC^A£ thtz S 
e ^SS^#^a B affitCO^T^LfctiO-efo5o I nG 
aAl Pl^SliMOCVDitCJ:^ SlKl^Lfc 

m (ioo) ®ictk^ (311) Bffi-e^itaou 

(3 11) Bffilc»ffi^3*««:ffl;t5i:*L» 

(100) ffi3&>e>0«ft*^)tt*i:i:t>»c, 

[0035] B3ttl nGaAl PJf O (10 0) ffilC 

HB1-*fc* I I I Mytmcoy—^X^^ft-tZ (C 5 H 
5 ) 2 Mg^;Ht&3 x i O^tclS^i-^r £<fc 9#$J 
4 x l 0 l7 cm-^*~/uSS£t#£^£a 5 T*#6 o 3 
4 LV**-/U»Sas**> 1 x l 0 18 cm- J T'fc5i^ -=e 
/Hfcttl X 1 O-^CfS^-ratCf £V\» MgttI n G a A 
1 P*S**-CI I I«i5E*<0««:iS*"U pIK-^V 

[0 0 3 6] H4fil2 3 bm&temX'lb*). InGaA 
1 P<D**Sffiffilc*3tt<5Z n K-l^y^©MS:*t, 

So 

[0 0 3 7] ZnK-tf^i, B4 3C/TtU-t7 
KtCiSV^T pS^ 5 y KJ1 2 0 5tf>/£*l:H£o*: 
*£\ (311) BffiJrCl/SSLfc/f 2 0 5 ^»B5fifBI4 
H5lc*^±3»c (10 0) ffi±fcjfc*Lfc¥Sffl.fc»> 

«it&J&/£1-5 (10 0) a5ffl^C*3(tS^r^yT»ff 

W>ltlSi/\ :ixi:)$ot^7 7Ki2 0 5<7)9 



[0 0 3 8] ?*>K, HlOfe*f4d^5 (10 0) ffi 
h5>r:/«ig8BK*5tt5 InGaAlPl 
OifiSt<Z)ifijDOPBlJH^. Z n K— f^O^toO tCMg 
K-tV^i£ 3 C i-ClHliBSttS w i:^Ui/^ 0 

0 6(4 (10 0) Bt-t^i^WJtcJBfifcSixfc— *tco (3 
11) Bffiir^^tf^^S^-btC^^tL/t I nG a A 

1 Pjf*JC*5(taMg<^fllff»ffi*5±V*— /U«<K# 

<0j£*K*ftf?L,T\ M g SI u^fciV^-^SS 

[0 0 3 9] jfcfc, KJiSrMg K— fc^^t"* CI 

^fr^J: *9 ««tt*fclfi± Lfc*«Wo* l 3li6«SrtftW 

i-s. 

[0 0 4 0] H7tt*»M<OJBlHlfi«*CjC5U— f 5 ^ 

Ktt«»Jx.tf Z ntcj: 9 y T*K3&sft ixi 
0 l9 cm-n: K— T'Sixfc PIG a A s5ffi3 0 lJit- 
mtfLZft-Zo Ga AsX4E3 0 Itt^TJxfc (10 0) 

tt*1f*lifi3 Ola V— tf^-f^— KOfi^ft^ 

ifV-f ^— KttS«3 0l(7)<0ll >*[pjlc5iaE 
-i-*£5\zmgi£iiZ 0 > -SNKStt^-f ixt> (ill) 
BffiJ: 5 fc*--*t<D*4ffi3 0 1 bj , 30 1b 2 i:J:9 

Tlftt^) (100) B£9 45^ h^^^IS 0 1c 

[0 0 4 1 ] S«3 0 1 <D±^±\aL n^GaAs 
<fc 9 ft5*SKSfe*Ji3 0 2d«*$*?jl /zm-C^Slx, 
«8E8)tE*/l3 0 2±lC(*mIf£G a A s gffi<7>* h^-T^ 

mm 3 0 2(*S i fc£VMSS e(:i^ fi5X10 l8 c 

3 0 1c (ORHBKttftE 3 0 3 b x , 303b 2 iH&f$L 
£thZ> 0 lK<b^413 0 3 b! , 3 0 3 b 2 fj:S^: 
SHffi-? (3 11) Bi^Mt5o ^m-T^^. S9IEJB 
io^**aft±lc*2oyi>-«itds. (10 0) ®J;9 
Yv^-f^Z 0 1 c £&m-tZ> X 0 iZj&gLZti* 
% 2 h7^7*I 3 0 1c c^fS]{RiJlw^^ 

(3 1 1) BiJ: 9 tt5»B3 0 3 b, , 3 0 3 b 2 ^ 
IS3 0 1i««*W30 2 t 
*4S«flBftflc3 0 0S:»ricU, u— If ^-Y K*>±* 
35(4MOCVDfetci: 9S««3t«=3 0 0J:l:*iJSix 
5t*i5:tm5. u-if^^— K©±S»ft 
IS^i" o^t^^yt /^S $rMO C VDS "C^KS S Z> 

Tfi h y >*s*?J* (TM I ) Ga^y-^ 

t urii v y (tmg) as. Aioy- 
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7iUtflh!)xf;l/7/U^!?^ (TEA) ti*fet>1n 

[0 0 4 2] S««jtfts:3 0 0±tCfi. Zn&iU 1 /* 
fcfiMgfl X 1 0 18 cm- 3 ^^t U TSJgtC K— 7*cF 
ilfcGaAsJ;»)65/<y7Ti3 0 3^ MOCVD 
jttZj:^^0. 1-0. 2 MmOJPSJCJct^ap-V^yl' 
^S^tL^o £ 2 nte£tf/**:tt:Mg K«fc 9 1 

x 1 0 18 cm- 3 eD*-Y l> y—Z?£t\,tZ I n G a 

PJ:9nf5»l^M/B3 0 4!&s, /<y7r*3 0 31 

^tiOMOC VDffitCj; 9*§0. 1 ju m£>J?$-e^ 
f^3f->^yUjjEfi$tt5. ^<Oigt, SKflf itff 3 0 0 ± 
0^20>^«igcD^^^t ,, ^^->^/^3 0 3, 3 
0 4t:6?Sti, roj: 5 tc/&g£ixfc I n 

GaPl3 0 4{Ct>*^Ji^Etc:*t^-r5^f-«5fi* s <E 
^£thZ>» I nGa Pl3 0 4t;ie*£ixfc 

yiMUJtt. (ioo) B5«fc9fc9<0 1 1 >*-[R]lC5i 
h7^^ffit*^MfflltcjgjS:Sixfc— »<o (3 
11) BiIJ:9fc5#Ei:K:J:9«J*£ix5. 4>mJB 3 
0 4 fi^ftUB 1 1 0, 2 0 4 4: ffiW^HSlc-IRix 

[00 4 3] 0 *3llS«!loS8SS:*-rp 
SI nGa A 1 P J; 9 1 9 y KI3 0 5 

fi££;ix£o I3 0 5li« (Al 0 . 7 Ga 0 . 3 ) 0 . 5 I 
n^sS^U MOCVDSi:«t9, *?J 1 m mCDj?$ td 
/£S£;h,6o B3 0 5OK-tr^ttTMI, T 

EG, TMA*JJ:U ! *^7-fyi!9i5y-^^tK' 

Lfc^ lW7yKi3 0 5 <Z>±£BK tg?Jti^ 0 

<t , ^7yK| 3 0 5 (Di^Stdte. ( 1 0 
0) ffi<fc9fc5* h7-f ir^rcol^ffiHO (311) B 
BJ:9fc5«4B5i: ± 9 »jS£ix2>*iNSigas* s«*5i 
XJCJB 3 0 4±<D>lM«i£tc3Et^LTJK^S*tS. 
[00 4 4] 9 7 y VM 3 0 5 CD -btcf*. ^ K— 
I nG a P £ 9 fc£fiH4Jl3 0 6**0. 0 7 m mCO/? 
SlCiBiSSixS. a«=Jl3 0 6 fc-fc<Z>±£B±«C^5 5' 
K13 0 5 0>*«aft*c*ta:i-i>*»3t36se^SixT 
£5. ^Bi~5 4:. Sttil 3 0 6tct (10 0) ffi J: 9 
#5* hy^y^mt *:<DW\W<0 (3 1 1) BB«fc9fc5 
^®tci9«^^^^7 t ^S5t^te^$^^ 0 SfeKl. 
I nGaAl P±9*9 n SMC K— 7"$ *Xfc* 2 <D ^ 9 
y K13 0 7j&5SttJB3 0 6±KUI£>1 /imCOf 
£*X-5 0 wCO^, nl^K-f^liln, Ga, 

A l ioii;P(oy- *tfx\zfrmfc* u^fcs^tte/ 



tc?g^Sti/"Ci^5«iSTtt. SttJi^ (10 0) ffi^ 
9 y KJI3 0 7<DftffiffltC± 9;fc*a>fe**;ftT^5 0 
[0 0 4 5] iO*5K«J«Sjh,fc»2<D*9y K« 3 
0 7±tCt*. SeSfcttS i tCj: 9»1 X 1 0 18 cm" 3 
(D*^V Ti&gK K-^^/cnl I nGaPi945 
^2C04 3 ^J1 3 0 8 3&SJKIO. 1 ji m<Dm£\zMl££tl* 
£ fb^3 X 1 0 l8 cm" 3 cO^r^ V T^StC K— 7" Six 
fcnlGaAs X 9 -5 =» >^ ^ l*JB 3 0 9^*1515^ 
A3 0 8±tC**Jl MmtfJffS ^^5^2 
O^B«ttJBl^^lBJi3 0 4O»'&i:rai:<, CSS* 

tc, ±3511^3 l 0*5J:VT»«*3 1 lsfts-tix-Plxn 
M3 0 9(D±.l£t£$o£Z$&$l3 0 1 cDT^ffiJb 
K*-Sy*!^i-5±5K*/*3ix5. *fc* 

[0 0 4 6] *SSJ6#mi. *£ B B 0 ®$D{pJ^ i ^>T^ 9 y 
KJ13 0 5Sr-WcK-^i"Swi:35SRriB-e*>9, iix 
(Ci9. i£A«flE<0««t^>BaJH* s **Six5. Sbtc, 
^ttSO^ F^^^^W^^^^/ KI3 0 7O 
»B*JwJ:9»Etfwi:fcJ:9. tt;,£tt«<B 
ix5o 

[0 0 4 7] H7^3S«^*5V^T. ^br^^V^/uJio 

GaAsSS3 0 l©^t??l:nSGaAs5SS:ffi 
V\ Mg K— tf^^Sr*2^^ 9 y Kit 3 0 7tC*fUT 

Bt5i*^d^9 0ilixds«4i"5fc». pMS®±t- ; tS 

y y K*t**r5»&i:na!»«JtJCfllrtSSlx5U- 
if^^-— K^cS^v^TMg K— ^Sixfc^^y KJBS:® 

<ottii*oilixrt:, S**»rt-e*T«»-7- (C 5 H 5 ) 
2 Mg^bttaJSixfeMgliS^ 5 . ^5SJ:9tt5*«fi 

%x.e>ixTV^o 

[0 0 4 8] El 8 (A) Hn-SGaAsSffilCM^ 
*x5Sfit-:fc^"t. MgS:^7^KJl3 0 7lCMOCV 

[0 0 4 9] HI 8 (A) Sr#fia-f5(c % ^7^KI3 0 
7<DitSI(i^ K— 7 s I nG a PSil* 3 0 6^JF^Stt 
fc^tC§l^$ix5o wtf>l2<fc 9fc>a>5± Mgco^ 
5 3/ KJB 3 0 7 — OBtii*tt^ 7yKl3 0 7 <D$L-g:fr 
Mj*$ixT^&^tt9^Pfl3ftSSiaLfcatcje6*oTV^ 
5 0 ^W^-5ir. ^5^- 4rv*T-»/£$ixfc:* 9 ^ 

ks 307 3 0 6 oa±aj-e<i, au<o v—^i/ 
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Zthtt^k* ffittl 3 0 6 ^O^r t y 7«)ttA*4 C<C 
V\, w<7)Pp^JHS:lHljB-rafc*. 12 8 (A) <Dy*a±*X 
^7>; KI3 0 7 OgttilC«t5«»"COM g Ott 

n^mf^^f^IWT'Al, Ga, In, P CO 

icBBttSix, ^5yK)l3 0 7(4»»:pai:4S, $ 

[0 0 5 0] — (28 (B) ^Qt^ttplGaA 

0>£*fi*aS#3 0 0_btC. GaAs/<y77*30 3iS 
JKjBiKSttSBS^, l3 0 3S:Zn5:^At5Zi:l:J:9 
pSt- K— ^i"5Xa*-&tfo $ 13 0 3^1 

36S4^:ittV^Tt^PBl^MgcoW*&S:, Ga A s!3 0 3 
COV — *if*\Z\f* (is? v<>?i/3L^;U) ^ ^ > 

tfiGaAs/^77«3 0 3Ojjtfit#l:i|*Ls '< 
v7tM2Q 3 _Bc4»PiJ1JI i 0 4^ricSSix5iS^tt« 
ff— S«lC3fcoTV^«o Sfefc* flH/i3 0 40/£*M 
tti:ra«p»cZn<o«*3»sfltJhS*t5 0 Zn^f^V 

ix5 0 *MJi3 o 4oj***sffjyt$nfcatMg^«t» 

ttjttttfctU »l<^^9ry K*3 0 5a>JSE**s§B*6Stt 
5o ^36»5jStft^!e*. ,13 0 4, 3 0 5O^-/Ufig 

coJ¥^^Si"a^. MgO#M£fi1*it£tu IrHSMc:* 

3 0 60fiKftds§B*&Six5. ~ <oi: 9 l:LT^ 

SLfc^teJf 3 0 6±tCS e *>SIM*S i 9 K— 7 
Zfitz I nGa A 1 Pi945Jg2^7y KJB 3 0 7 

[0 0 5 1 ] 12 8 (B) O^n-fe^TM*. JlO^y 
KI3 0 5 fc-t(0±ic^ftSix5SttJi 3 0 6 itf>PiS]05 

KfZ n^!3 0 5C K—^i-SSWBUO K-fy^u 

7 0«3g^*rj£i-SI2 8 (B) <n-fwt*<OJS&* 

U CtU*B8 (A) o:/n^*<03TJB'l4S: : S : *i"5fc 

[0 0 5 2] B7tf>«3fiOKi£7'ci-tr*SrB9 
(A) , (B) *5J:WB10 (C) , (D) 4:1MB Ltt 

[0 0 5 3] 13 9 (A) <omV)<OT.mX\ KftVD^y 
«ds p IG a A s £E 3 0 1 ©±£BS:**t5 (10 
0) ®_hfcif;S£ru 9:^tv^--y^^t<0i 



^$tLo 0 £ bid. Sfi3 0 1^ £«±£®£;:<0<fc 
5^LT3R«SixfcSMb'>y =>>^ h7>f^^2 1 
-e»«Lfc**, H 2 S0 4f H a 0 2 *5j:tfH a OO 
ffi^xyf-y^ffif -C!?xy hx^f yj/Lt, <0 1 

1 >jjfo\zm&-fZ* h?^^ (100) ffi^rHas 
^^-To^ ii-^it 3 0 1 a Sr. !5 5/imOgt«t 
S. C 3 UTJgJ5S;*ixfc^lM»3S3 0 1 a ft (10 0) 

* h74ym<Dmjj&, a in BSi9 45-»o 

#4ffilCfc0iB/S£it5. >iN**a6 3 0 1 a <Ofc& 

PSffllfCfiG a A s Sffi3 0 1 <D±£BSrJ£1- (10 0) 

ffia^ ^iMfi3t^nas:<ci" (100) st^wcsft 

[0 0 5 4] BI9 (B) 0>xaK*51^T* 12 9 

(A) <DT.mxmhfhtzmm±\^ nSGaAs!30 

2 4\ Suffix iMilifi 3 0 1 a co (100) * b5-f :/B5 

2 l-C««Ufc«ffl-CMOCVDfelCj:9«ta 

mtfLZftX^^Ztztb, 2 l±tC*5tt5Ga A s JB 

^*§8Ki£C>fcV^ ^r^-C% GaAsl3 0 2H^t« 
i£301a ^WCjEfiEf 5 G a A s ££ 3 0 1 CO (1 

00) ±£ffi±K:*i«U *:<ogl!2 9 (B) [c^-Ti: 9 

ICG a Asl3 0 2 Js^Stwf*. (10 0) ^Y^^-f 
BB^ffiftU-* (3 11) Bco®fgSr4:^"r5^® 3 0 3 
b,, 3 0 3 b 2 ^ *iN3363 OlaCO (111) B 

®ic#i£LT^&£tvc^£ 0 ^<om. f4i3 0 3 

b t , 3 0 3 b 2 fl (100) ^ hy-fy"mtm^2 

[0055] #ci^-cH9 (b) -e#5>ttfc«5Sd»e>»{k 

v'»|3y7^^2 1J:»4U «3 0 3^5>3 0 9*M 

ocvDfetcj: 9, mfrmm-rzo -**>bs. 13 0 4, 

3 0 5<B*SK±«*.«B8 (B) TNRWUfc^JW-Cfr 
9o -tote*. B10 (C) , (D) 
«it^#<btv5 0 B10 (C) tf>«3effrdsjg/££;h,fc 
«L ±Tti3 10, 3 11 Sr-ttb-Ptv=>*^ hJB 3 
0 9 o±$i 5fi 3 0 1 oT±Ii: «9 1 , 12 1 0 

(D) !f *V Or— K^^i"5o 

[0 0 5 6] Jg 1 **«-ClftW Lfc«8tt*W»ft0>«W& 

i fJA*WKltllMi-5i:. pIS«3 0 1©^ 
b9i:n!GaAsifiS:tt5^ *^tr^*V-ryu 
«tcioMtSW«SttS<E*ix. 12 8 (A) -Ctt^Lfc? 
JK"CpS^5y K/13 0 7<Dj5fcfij&sjfeSlxSo 
[0 0 5 7] 2 UlSffSSrB 1 1 

(A) , (B) *5J:VB1 2S:#.B5Lttdse>RM"rs. 
fct'LBl 1 (A) , (B) tt*2HlfiWOlgaS:*i" 

[00 5 8] il 1 (A) IlInGaAlP^t^^r 
•>^/UiHc*5|*£Mg:fc3J:tfS e 0»« u^/i^S:a/r <D 
teaaStCOV^T^I-BT*^ 1 ?. S e (Ogg^ (3 11) 
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Bffiicis^r (100) v tiiJp-r^r t&t>1>* 

a A 1 PgT-te (10 0) ElC&^T (3 11) BM\Z 
.Jb^SiSm^tS, InGaAlPlC 
S e ^l^tC K-^StlSMg^fig^/^i^-tl 

-stfcsrt^b^s. mil (a) ow-e 

HMgcoffigd Oil) Bffi*5J:i/ (ioo) 

InGaAlPlli^IiabfpitCK 
Sfc (311) B®<t (100) ffi-C3r* U 

^kfSo <fc ^AttfttCte, (ioo) ffi-cm^jftftj&s 
fiV^i:HfiHUT*-^i*W s (3 11) B®_LtC^ 

Jtaisfc (ioo) ffi±-cK< -tw-c, 

Ell (A) ©J*lSrtt5wi:fcJ:9. t =7 v VM^fe 

%zm& * vmigcD (ioo) h9>f ^«»-c3sww 

KlffiTU (3 11) BftB-e»Rft^i«»p-r5 



[0 0 5 9] Hi 1 (B) ttS2HJSffil<OSiJOJSaS:^ 
-To 1111 (B) 0«^/lSB#K— ^SttSMg t S e 
(D««U"</V£ I nG a A 1 P «£>»«SfaS*SAffiK<fc 

SSU^/Wt I nG a A l PA* (3 1 1) B®JhtC/&;B: 
**bfcffl»-Cna*C, (100) ffi±tC^g^^/-c 

[0 0 6 0] Ull 2(imj|SiSll^ffiV^Tm^^S: ; fT9 

bh £5*1-0 bi 2u:;fc^T^si#^g^2[a7ot>o 

irUKWt-ia— "CfcD, «TfcttBffi^*SrKS/31-£>o 
[0 0 6 1 ] mi 2CD^gTfi, ^lO^77KB30 
5 <7}/&SB# tCM g tS e Mg OffiS 1"</Uj&s S e 

Oigg^J: 9 fc (311) B®^: (100) HtfH* 

gtSe CO^SS U"</W* I n G a A 1 P^7^Ki30 
5 (D*«5>K*5^T« 2 tC^-fci: 0 \^t£fe£fiZ>o 

[0 0 6 2] 

[*2] 

(cm" 3 ) 



Mg 
S e 
>JT 



(10 0) 
1X1 0 18 
4 x l 0 17 
p = 6 x 1 0 17 



[0 0 6 3] -ttefr-h. K— yu^S:S2|:*ti 0 
Hi 2^#4»S5"C*i-J:5^, (3 11) BffiJtKfifcfi 

1@3 1 1 ^«»S*tfclE»ttaEttnSG a A s 
I3 0 2f^^fct, *iM«5fi<Z> (10 0) 

>r :/s<Dia±tcffi:«i-5 ^7^Ki3 0 5 o{£*sstSB# 

SriioTffittJI 3 0 6 h =7 4 T'SMJ-KLffiAS H£ 0 



(31 1 ) B 
1 x 1 0 18 
8X1 0 17 
p = 2 x 1 0 17 



-tote*. 3»*oJ^u— if38fiS:fT5 - i* 5 "^!^-* 

[0 0 6 4] »2H««<OK»«ttBl 1 (B) Oil 

o*3£0J:5(:IS^t5o 
[0 0 6 5] 
[S3] 

Eb^U (cm -3 ) 



Mg 
S e 



(10 0) 
1X1 0 1 8 
6 x l 0 17 
p = 4 x 1 0 11 



(3 1 1 ) B 
1 x 1 0 18 . 
1 . 2 x 1 0 18 
n=2 x 1 0 17 



[0 0 6 6] ^30K-7'^;V?:ttofci^ mi 4 

K»iMB-c*Lfc (311) B&m>ft<Dmmmzm$i&) 

i:S(ESft5:ii s t#, r*uc: «fc 9 * 7 y KJB 3 o 5 



/cct o lc % y -tMgitO (10 0) * h^^lc^l&L 
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[00 6 7] HufE~oO^ff20iJ<D^-fix(C*;^T t>« S 

[0 0 6 8] .^7yKl20 7«rSeiZnl:J: 

[0069] [Hi 3 (A) , (B) H*»*»SSiSfEW51S 
itCOMaSr^L-Tio^ , ^(Dohmi3 (A) f±. In 
GaAl Pi30 7iS (10 0) ffi-hlCJ&g LTl^aS 
■g-fc (3 11) BcBJbl^ftUTV^ii-^t^tC, n 
Stc K— 7*-5i§-a-Sr7nU CixKttU HI 1 3 (B) fi 



j§msji 5 ^a^ffiT-^k-r-5^-g'5r*-r„ mis (a) <o 

1 1) BtB-LlCfifcgLfcg&^-C (10 0) E±K/£gL 
fc»frJ: 9 fc<£< 4oTV>5. 
[0 0 7 0] m 1 3 (A) (B) <OV>-f*l0> K— 

k'yn. ^ 7 y KI 3 0 7 O K-try/lcfofca 
•g\ Kfbtt«E*Ei 2ic*i-«fc 5 K (ioo) ^h?^ 

left 9 , ttd!Eft*fl!&ft*? 7yKl30 5 3 

^tftssmzttz. mi 3 (A) »c*i-K— trv^ttT 
(73^4 ic^i-K— fv^u^yi'STfiEo-Cll^.-et -5. r 
*UC*tLT» mi 3 (B) IC^-T K-f^^H^5^^ 

[0 0 7 1] 
[314] 

(cm" 3 ) 



Zn 
S e 
4 s - +• »J T 



(10 0) 
6 x 1 0 17 
1X1 o 18 
n = 4 x 1 0 11 



(3 1 1) B 
1 . 8X1 0 1 ' 
2X1 0 18 
n = 2 x 1 0 17 



[0 0 7 2] ftl:, ^7yKS3 0 5, 3 0 71Z£MC: [0 0 7 3] 

mojr 3 saMssriam- a. 



(10 0) 

Zn 7x1 0 1 7 

S e • 1 x l o ' 8 

*t'JT n = 3xl 

[0 0 7 41 *Htt«©JSiaS:Bl 4. 15?r# 

«U»i*sP>SiKi-S. wwT\ mi 4HMOC VDSH:: 
iDMLfcG a A sA4>f^9FA£*ift:Z ntf>$ggW"< 
A-SrG a A sf<o^8 a B B Il;ov^L. — ^mi5li 
0t<Ga A sJf «H::3*A£*tfcS eiOSg^/^t 
8ftffifcov*-C*i\ Hi 4 J: 9, ZniSSli (10 
0) m&mWkLT (111) Bffi*|S]^S®* s «*J 
-T5(CoixT®'>i-5c0lc^U. Seggli (111) 



(3 1 1) B 
2. 1X10" 
2X1 0 18 
0 ,7 p = 1 x l 0 17 



— Zn«tf»4 (111) Affi^fS]— 0«^* 5 
**<45»coixrJt*U. (3 11) AlC»J6t5 
«£M|-C**:K:feS. CtvKlj&U Seiggtt: (1 1 

i) Affi#A~©^*#«*i"*K^*vci|i«fc:t*an 

■fS. ZCOX o Id. ZnirSeSr, ai^fc&fta&fiffi 
Sr-gtfffiJitCMOC VDitlCfc 9j&fi£itfcG a A s JI 

om^W^KSr. I* Affile *MS LT»t(F*5 
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[0 0 7 5] (21 6(^MOCVDffilCj: 9fi£ft$;h/fcG 
a A s I^i/^t C5^iaoSft?r^to B18S: 
#H8i-5^. GaAsSSr (10 0) E±tc/£*$i2\ 
S e tZn^^fJltlJl X 1 0 18 cm- 3 (DSgt^ 

Ga As/l«:J**$-ti:5feAffi3&s (10 0) Etc 
>ffLT (111) BB*rq»C«^T^5i§'g\ Znigg 
ttP^«<Oi8*Di:*tC*^^»^U. G a A sifj:nS 

t^^&<t£5£L*:4§£\ GaAslfi (10 0) ®_t 
tCSfcg L/c^&f* Z n # £ jxfc*— yuasiapj^ft 

tc^> U HI 1 6 <t "9 <t 5 K3f«SJ*«#4 

[0076] Bun ?7vvm^nM^m*m 

[0 0 7 7] ii7^#It5t:, if^^*— Kfi 
cpWI/la 0 4, 3 0 8 Sr«»&Lfcfl6ttBl7*>5U^iia 1 
2 u— »f ^ rf— K b \Z\£mWkt£Mf&&^f LTv^ 0 

[0 0 7 8] *HJg^y-Cfi, ^7yKl3 0 5rt^ » 
^GaAsf3 12^tt?)^ Z tUC «t 9 Ji 3 0 5 
TJ18B3 0 5 a £±/fS&3 0 5 b £lC#fiJ£tL5 0 Ga 
Asl3 12tt»8nmOfSS:f U ^i^Sit^rffi^ 
1~£ (10 0) xh74 7^±\£MtfL£iiXZtiiz¥?r 

<D (3 11) BtB±\Z.Ml$iZilXffl3i3 1 2 aOpgfirc 
Ztlb spffl-iEffii-S— *ro»BBffl*3 12b,, 3 1 
2b 2 ^-g"tf 0 Ga A s)|3 1 2 fiMO C V DifctC J; "9 
/SASiV Zn^SeCJ:^ ®«3 1 2afipffl*C* 
fc«B«3 12b,, 3 1 2b 2 finS!(C<c5J:5J-K— 
^$ix5 0 7^5/13 1 2<£> K— T^ttZ ntS e <D^m. 

£ 0 ±9Aft:6«3^fi, GaAsf3 12(7)M^;Ga 
A s (D^^-C**>5 T EG i: 7^vyt:^> f^ISJ 
fc**<kS e fcS:. Z n <7>»ff W</ua* .( 1 0 0 ) ffi-t 
t«)ixio 18 cm- 3 (:*5J:^:, ^fcSe «u 
-</^I^C< (10 0) B±t-fi5x l-0 17 cm- 3 !C4 
5<t 9t-lSSi-^ 0 -tO«», nMfS«3l2b 1 , 3 
1 2 b 2 ttnSiU: K— y*£thm&m3 0 6tCiiA$^5 

msctPfiihi-5 0 -toe*. mffimm<o<$m&t$ btzfo 

[0 0 7 9] Bl 1 8(2^3 %^\<^^W\^:^ Q Z(D 
mx-te. is—^y^yi— KttBl 7<ot>^4:li6l^«<C* 
iSSr^-i-Sds. #xt^Jr'>t/Ho?tS^J;i;Ga 

a sSfi©*ttai s seuT^5^fiiSLtt^o «t 

9 ftttttlwli, if KttSffi 3 0 l co> i^ffi 

il30la {-*riCi-5^*«5i3 2 1 a «rflgj5fc$nfc n 



SGaAsS«±l:MJlx, 5^3 2 Ui:ttBi 7 
^)xk7^v/^/u| 3 0 2 — 3 0 9IC^i"^3it 0 ^^ 
•>t;Ul3 2 2-3 2 9^ ^ti^SK* *1,T^5,& 

[0 0 8 0] El 1 8C0gST*ti. W^Sfi8nm(Oi|V^ 
GaAsl331^plI nGaAl P^7^KI32 
7 rttc®/££ix, CtutCJ: 9^7S/Kl3 2 7ttl3 3 

1 <0T<£>f£ 1 COM 3 2 7 atl331 <D±<D%$ 2 (DM 3 

2 7b £tC#fiJ£*a,<5o 133 HiZntSe tC J: 9 P] 
fJ#t;i K— ^StU Ji 3 2 7 ittfcigtf) (10 0) *h 
7>f 7 p ffi±^»*SttS P a««3 3 1 a fc. -t^ffifll 
^ (3 11) BB^»U;UTJg^S^5iiS^ffififl53 
31b!, 3 3 1 b 2 £ Sr-g-tf o GaAsi331<OK 
— f^^ttJl3 1 2 0«^tra«*cfftoix, ^otM 

[0 0 8 1] El 1 9 t*3l 3 HJSffJ^SUO^WISr^i-o 
Hi 9Sr#Ha-*-5tc, *aE««lcJ:au— If^-T*— K 
tic, 13 0 2 WJSt^nlG a A s WSttR&lLJl 3 4 2 
SrJ^J5RS*tfcp®G a A sSS3 4 ULKWjSfcStU A 

3 4 2 0±$B±CttXfi3 4 1 tC$T*a-r^i^3 4 1 
a«JtltVN6o r^S3 4 1afi*0^fffiM 
TgfifcU (10 0) S^fiL^*^ h7>f ^tfcJSffi 3 4 1c 

b j t<owwzi&&.£tiz> (iii) Bmjj{±L<D—ttcDg\ 

B341b lf 3 4 1 b 2 blZ.3: 9®ric$*u5o 7t/c 
U JII3 4 1 c|j:GaAsiS3 4 1 ?>Sffcti©<J; 9 M 

[0 0 8 2] *0*iH*Kg3 4 1a ^r^COj: 5 KLTJK 
/*£;ft/fcJ13 4 20±£ffiKM:. mfE^ifWiSfflSSrBft^ 
x^k->y^y'7^^5 2^M^, :^ltpl 

Ga AsM&i&mZfrZo El 2 0 (A) Sr#flg, -t<E>*£ 
A£>*ittJ*ig3 4 1 aWBlHIi:fj:pSfi«3 4 3 
dS3BWft»cfi£«$lx, «fiS*ifcpi««3 4 3tt, % 

1 <Ov*iMf*3g3 4 1 a Kl2«SU Sfc (10 0) ffi^fiL 

h9>f ^*tJEffi3 4 3 a ir^Of^lRijO (311) B 
M^I3 4 3 b,, 3 4 3 b 2 b&&WLk'tZ>& 

2 INS* 3 4 1 IrMt^o P SGaAsSS34 
1, n!GaAsi3 4 2, Joit^plGa As 3 4 3 

3 4 0 «r»ric L, !f ¥4 *~ K©£S 
SB36 s *S«aS*r 3 4 0±tcffM;$ix£ o 
[0 0 8 3] S««it*3 4 0±tC(i. *$3&s*$)0. 2 
^m<DpSG aAs/^77134 4tfffiffiS20^t 

/^^/^T^3 4 4±tCttpS I nGaAl Pi9ft5» 
lflj^y KJB3 4 5Asajj|2Sg2 0p«1f»jfi^aE*UT 
^ 7 y KI 3 4 5 14* 1 *fi«lllC*3l^Ul 
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[0 0 8 4] ^5yKl3 4 5 GD±£ffitCH x ZntS 
e SrlH^tC^Ai-^^ i:KJ: 9 K-^StifcGaAs <fc 
9fc5«SKIfiJtJi3 4 6 365, (10 0) SLtlCja;* Lfc 
W^dSpSt- K— ^$tb. (311) BStCj&SL/cgB 

SlnGaAlP i84S»2^7y KS 3 4 7 
%|&JhJ|3 4 6±(cMt5 0 £^>tC. ^K-T'InG 
a P J: 3 4 8*S^9y KJf 3 4 7±(C^ 

^tv5o Stti3 4 8±l:iinI^7yKi34 

13 5 0^^77 Kit 3 4 9±(C}gjE£S*LTBI2 0 

(b) izTF-tmmtmbftZo ±K<D^\f^^>^^0L 

El 2 0 (B) <D*««a«cdSJgrft$Jxfc*, 
m®3 5 ijoi^TaJ1^3 5 2&*:in?tl=i>f9 b 
13 5 0<D±±m%>£Zfmfe3 4 1 <0T£B»C*&3S£ 

*u mi 9<om&tmhKz>o 

[0 0 8 5] ^HJfiW^feV^Tt. pUnGaAlP 
^ 7 7 Kl 3 4 5 i: 3 4 7 (DM g^Se CDiRS l^A- 

KJf*s^lM«5feO (10 0) ^h7^7'I± 
tcjSE*Sttfc|B*-Cpffllc K-^tU *fc (3 1 1) 
BB5±^j«**^fc«*-enS*c K— r^Stb* J: 
SLTt><fcV\ *>SVM±. ^73'KI3 4 5, 3 4 7 £ 

tt, ^77K14 3 CGaAsl3 4 6^Mt, (3 
11) Bffi±*C4llftUfcna[««^J:9K»«SIE«rlHJt 

IBM**. 

[0 0 8 6] Jfctc. *3gWO*4 3llSffiIS:lftMi-5. H 

[0 0 8 71 g|2.1tt. ZntSe-e^CK-y^K 
fclnGaAl PJSKfcttS** !> Tggi^»S 

»ftU^</^S: (111) AS*-f^]^cOSB e B®tO{S^^ 
BI*i:LT*U -^e^tSZ n ^^tiB^S^-A- 
^SS ^-^^-^Ci: 9 (111) Afl5*|p]0>ffi£WS<0KI 

a A 1 Pjfd* Z n £ S e "C^tC K— ^ $ ixfc*&<0« 

B2 l J: f9*>^5«t ^f^i^/Wi^ (10 
0) ®±^^:S^ix/c^^li. S ed^»ttJSixS« 

^fc'^v'-r/Wf ^ (3 1 1) A®JitC^S^tl,5 

t*i:tt:oH«li Hi. B2 0H«^»-frLri8(E 
+ 5. *9ftfM?Hctt % (3 11) Affi±tc/&fiLfc^ 
t^^yt^lflpSl: K— y^ix. ^ rv^^tLT (l 

0 0) ®±^SL/-C^b 0 ^^r->^/^^n^ic: K-y 
£ft,Z> 0 121 OWCWU (10 0) ffi-bT*f4tt 1 x l 
0 18 c m-^^^g^U^y^i: 2X1 0 16 c m- 3 <75^ — 



A^gl^/^#^£<^t-#U (3 1 1) A®_L~C 

hh— (D&ftTx+m 6 x i o 16 c m- 3 com^^g l"*^ 

[0 0 8 8] wO«t 51^ B21 0>KH£f* I n G a A 1 
P^O^«^4:S^S^^5^ B B Bffil- 1 b^^V>T^ 

(10 0) ffi*tfir<0^ h9-f ^ffi<^ffiffi*rplS:< 0 1 - 
1 >JfrlR»ct5H£U ^*«JfiO»BS: (3 11) BSO 
3&»to0t- (3 11) AffiktS-it, 5teKK0iL*:3l 
^Jcov>-fixt-»UTt3Sffl'sjtMT*fo^) 0 (3 11) A 

aesrttofc^s 011) b®st{£p <t 9 t>*^y TJS 

[0 0 8 9] 02 2 (A) flZnjoitfSeCftSOS 

/W* (100) ffi±lcriE*Ufc^tr**->^r^*«»i: 
(3 11) A®±tC^SUfc^it , ^^->^r/^iia55>^r* 

-r/Wf<£>5*> (100) ffi±fc/j«Lfctt$^3EK»U: 
*iJDUT*5 9, ££oTE12 2 (A) co K— tr^^S:^9 

[0 0 9 0] rtUCJtLT* 022 (B) X&Z n k S 
eCDiggW^A-d^ InGaAl Pif 0?^> (10 0) 
BJtKjScSLfcffl^fc (3 11) AS5Ji^fiKSUfcS55> 

»S\ SeCOig^tt (10 0) BJilC/*SLfc«#-eW: 
ZnO»«fc±lHl!!K — jjZ<DK&& (3 11) ABJb 

[0 0 9 1] *36M^)*5Stl6«»cJ;S^-^ 
>f d-— KSrH2 3&#flBLfcas?>R9l1-5o 

[0 0 9 2] i2 3^#f.t5t:, *HlS0!lo^— if^ 

KlipSG a A s5ffi4 0 l ±lzffi&L£thX%: 
9. S«4 0 l±fctt*lNJBft3 0 1 a ^fl^fS;*^ 
«5S4 0 1 a a^/££*bT^£o i"fcfc>*>. ^i^«^4 
Ola fi< 01-1 >^f^]tC^ffii-5 (100) 
(^^h7'l'7'i40 1 ct, -t<Z>ffifflSK3£fi1-£> (3 1 

1) AlM^I4 0ib 1( 40ib 2 fcl:<t9I 
fiKSKT^cO. ifi4 0i±(:tt^5'77l3 0i{:a 
JSLT^y^rJf 3 0 1 36sjgj5ESarv^5 0 * 

f|!3 0 4lC»iS:-r^ c t 3 rB^4 0 3d5/<y77l4 0 2 
±JC««SttS. *IBJ14 0 3 -h*C«L % ^77KI30 
5 5 ^77K14 0 4 g ?r K— htl 

T®jft£*VC*3 9. -t<Ofe*. ^7S'Ki404fi-a 

[0 0 9 3] ^ 7 y KJB 4 0 4 <7)±±ffi±^tt % 
ffi^tH^KC. ^ K»^gtti 4 0 5 ^ri/t 
/W«S£*W ZblZnmi nG a A 1 P J: 945*10 
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^ 7 y KI 4 0 6 3&sgttJi 4 0 5 ±l:MSti5o $7 
yKS4 0 6liSe \Z£ *) H<T>Uft\> n UlCfc 5 J: 5 
K-^$^TV^5 0 £<bt-. KI4 0 6 JitCten 

MI nGaAl Pi949ZniSe *W\mz K— 
t\,ft%H<D? 7 y YM 4 0 7 MOC VD&tCj: 9 J&S 
SttS 0 -t<Z>KI. Z n t S etD2gStt0 2 2 (A) $>5 

v^i (B) tc^Lfci 9 tclSSSix. ^<r>^^ 9=7? 

KJB4 0 7fi (3 1 1) Affi±Kl/£fiLfc»BiSM>4 0 
7b 1( 4 0 7 b 2 I^V^Tfifit^±l*t5 o fc£V^ 
f*. 0 2 2 (B) £H&Effl« 4 0 7 b x , 4 0 

7 b 2 Cio^TpSO^tS^to 
[0 0 9 4] ^5yKl4 0 7 Jidfi. 5feO^)^f 
Mil 3 0 8\z5$fcTZ> I n G a P <t t) *S nS^^MJi 

4 0 8«g £tu pSG a A s ± 9 fc5«SfEPSJi:Ji 4 
0 9^*ISI»4 0 8±tC*«SiX* 0 S&K* 1409 

«>iMfiJft»»-e*ia]Jl4 o 8tm&£fiZ£o \zs<? 

—^>-y£tV. niGaAs3y^^Fi410^11 

fi&ih/f 4 o 9±t;i. Bfm$ixfc^PflJi4 O 8gffil^gt 

5 J: 5tci£;S£ix£o £<bi-, ±SfP«ffi*5J:VTW«ai 

4 11, 4 1 2^14 1 0O±$ffifeJ;i;SS4 0 1^ 

[0095] 0 2 3 <D if ^ KTfi, p SG a 
As|4 0 S\Z&Z>mffi&£*£ftRSM>\Zi>* nSi^9y 
KJi4 o 7^(^?g^;Sixfcpa!««c4 0 7 b! , 40 7 
b 2 ^Jc9««ltj»E*t^fflAS#?>ixS. -tone*. If 

Jl4 0 8tC3tfLTtZ n i S eCDl^K— ^£^V\ Ji 
4 0 8*022 (A) *>ifr&i:H«*. «SWO«V*# 
10H«c40 8 ai:, >tf<7>»2<0«* 
4 0 8 b l( 4 0 8 b 2 {ZftVXMtfL-tZ^ t t«itB-e 
fe5 0 *^14 0 8 4rK— ^i-**&t-H2 2 

(B) l:»«LT««4 0 8 aS:nii:, *fc««4 0 
8b,, 4 0 8 b 2 Sr-pffllCjgjdtLTfc.fcV^ 

[0096] @24(ip Slfi 4 0 1 07ip;fc> 19 tC n MS 
S4 2 1 o/c #J£r^-T 0 S«4 2 1 \Zl± % (1 0 

0) S^ffiCD* h7-T7 P l4 2 1a J: -tOPKRSO (1 1 

1) A®£-{£fiD£4®4 2 1 b i , 4 2 1 b 2 irtci t)iS 
*Six5^lMI!5g4 2 1 a 3&s?g/i££ix. J?>(CpSGa 
Asl4 2 2ffll8 (DM 3 2 2 t ^tCSS 4 2 1 ± 

ic^Sixrv^o 

[0 0 9 7] pSG aAsl4 2 2 ttJi 3 2 2 i: 

(ioo) B53rte<z>* vy^^t^(omm<D o 

11) A®M^®4 2 3 b ll 4 2 3 b 2 

<t 0 45/<y77i4 2 3 2&Sjf 4 2 2±M/£g$ix£ e 
/<5/77i4 2 3_htCf*nS! I nGaAl P J; 9 
HSJJB4 2 43ftSjSftSlX % ^iCnilnGaAlPJ; 1 ? 

K0^7yKl4 2 5, *S t PW/i4 2 4 ±lC/£§ 
£ix£ 0 l4 2 5,|j:Zni:Sel:J:^^l:K-7'$ 



ix, (10 0) S±i:iS*UfcSl«)ffl«4 2 5 ai:, 
ffirlB»l^ffi*4 2 5 aCDPHI'J-C (3 1 1) Affi_ttC/£ 
fiLfc-»^8 2(0«tt4 2 5 b l , 4 2 5 b 2 

tfo 

[0 0 9 8] 122 (A) -?I&93LfcJ: Zn*5«t 

*4 2 5 b 1( 4 2 5 b 2 JC*5(t5^r^ yT»ftSr5!^ 
Wtc**£*5Cfc3^*rc*5. 02 2 (B) 

blz£ 9, fg*£4 2 5 bj , 4 2 5 b 2 O^mM^rilJR 

[0 0 9 9] £b\Z, ^77Ki4 2 5, JtU: S e K— 
:/$iXfcI nGaAl P «fc 9 ft5SUtf>* 9 y KI4 2 5 
b 2 2^ffM£*X. *K-7'InGaP±!)45ffittl4 
2 6^I4 2 5 2 ±C, >*«5ftfcaE-fri-S*«T?«/S; 
£ix6a Sttif 4 0 6±tCt±p^I nGaAl P<t94 
^ ^ 7 7 KI 4 2 7 t'^ $ tl, £b\Z 

pIInGa P X 9ttSf»IWJl4 2 8^9s> KJB 4 2 
7±KJgj*£*X* 0^tplGaAsi^^5=iy^^ 

M4 2 9 3dsjf4 2 8 JrKilfifffl 0 , ^S$ix^ 0 :o 

4 3 O^plG a A s 3>-*^ hS±±®tC±iaSix, 
$?>l:nSGaAs£fi4 2 1 OT±ffitCT£iSmS4 3 
l^ffM£3x6 0 

[0 10 0] *jglfc0JKi<fcixtf* &A Six*:** UTS: 
««4 2 5 b lf 4 2 5 b 2 l:J: ^^W^^i - ^ 
fc*s-C#<5o d^5«SE*^J»*tt1 3 M«4 2 4tcz 

[0101] 025 tt^4 m&WWftKD&mM&TF-to 
Z (D^j&mX'te y-f^ KdniG a A s g«4 
4 l±fC#i/&£iX, Sfi4 4 KOiStCltpSGaAs 
J:^i5l^l4 4 2dSffl?J5£*JxTV^5*4 4 2*5 
J:UtM4 4 1 ^Iffllag 4 4 1a 365 0 i 9 CO;* If 

mm:3 4 1 a kmmzMf$.£ftX*S9 . nMlnGa.P 
«114 4 3^*14 4 2±tC^ifS5^4 4 1a SrSoT 

[0 10 2] *WJl4 4 3Jb^*4nS I nGaAl Pet 
945SlW7y KI4 4 4, # 3i fc? * * -> -T /HSfcft 
Six. ^^^77Kl4 4 4,tili2 2 (A) £>£>V^ 
1*02 2 (B) tC^LfcJ: 9 tC. Z n feitf S e i 9 
l^^tC K— 7*Six5 e 02 2 (A) <Oi 5 3fcBii6"CZ n 
£Se#K— ^£iXfc*&Ktt, ^5yKl44 4 l tt 

(10 0) S±tC^S Lfc n McO{&®fit«l« 4 4 4 a 
^f-«3fiO (3 11) A®±(C^SLfc— *fCDnM 
i^SStSWU 4 4 b, , 4 4 4 b 2 b&WifSLZtl* ?7 
yK!4 4 4, ds*aftm****Jti: tt^t^c 
-^TZntSe$r02 2 (B) ©H(8t:«ot K-T'L 
fcS^lCti. ffl«4 4 4 a dSnSJC K— ^$*x5«?*C*f 
U» S«4 4 4 b,, 4 4 4 b 2 pMtc K— r^Six. 



(20) 
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[0 10 3] ^75'Kl4 4 4 1 ±i:ttnainGaA 
lP<t9 Jfc59J<0^ 7yK|4 4 4 2 *Sai tr^^i^^/l^ 
J**$*U ^K-^I nGa P<t0^6gttl4 4 5 
Zl4 4 4 2 ±tC)£fi£;ix£ 0 3 6>»C. pilnGaAl 
P i945^7y K/f 4 4 6 4 4 5 (0±^®± 

pSl nGa Pi9/£S*IH/i4 4 7 ^jf 
4 4 6il:MJW, Ji4 4 6±^fiS e>tcpS=^ 
hJi4 4 8*SH*^J: 5t-»J*;*tuSo ± 
4 5 1 i:T£&m@4 5 2 i#3^^ M448 
co±±S^J:U ; S«4 4 1 cQT£®±t-^ix^^/££ 

[0 10 4] 12 6t^4^1S^OSUO^0iJ*7F-r o 

El 2 5<£>G a A s S^4 41i:GaAsS44 
2l£»«-rSpSX*«3*#4 4 1* ±fc»/fc£iv 5 
;E#ii£ft:44l' Jitc^-9-»364 4 1 a i:Bia*AO> 

[0 10 5] S«4 4 1 ' JblCf*. [112 50xt7^r-> 
t^I(:Mt6xfc^^rv/t/VS4 4 3' —4 4 8' 

^14 4 3' tt3iif#*^^r/UJB4 4 3 K:*tJ£L* 
xt , ^^i/t;Ul4 4 4' fj:x^^^l4 4 4}: 

4 4 5lC*KSU xt^^'>t/Wl4 4 6' tt^tf** 
*s**vm4 4 6 tCStJEU 4 
3it"^^rv^Y^*4 4 7ldStJSU, ^f^V^/lWf 4 
48' tt^tr#3p->^/UJB4 4 8lC*fJ&U ^feT**^ 
t/M4 9' tt3if#**>-y/UJB4 4 9tC*tJSi"S« 
fcU #K-:/»^fc*J*-*-5*4 4 5 i 4 4 5 ' £ 
^l/^fs *«SttffleS*VTV^5o S&K* 144 4' 
CDSfifctepMl nGa Al P <£>*JI £ 9 * Sjftj&Sffii* L 
T^5o Ir)«K1, 14 4 6' (Oflf^fttt, 144 6' ri*- 
ocDil. i-Jifc>*>T«Ji4 4 6 t &£Tf±.m>m4 4 6 2 

[0106] i4 4 6 1 !4Sei K— y-fZ>Zblz£ 
9. -«tCn®^ K— ^StbS^lcStL. 14 4 6,11 
Z n £ S e &mmz K— irtdJ: 9. nSCK- 
:/£*V5 0 Sblw. Z n% S ef7>gS W<A-£E!2 2 

(a) cofl[aicao-ci«a»cia:ftl-5r:t*ci9. M4 

4 6 2 ^ (3 11) Affi±\Zf&$;-fZ>&mU4 4 6 
a, 4 4 6 bOgS?^ (10 0) i^ffiO^ h7^ 
^ffi±Kj«*Lfc* h7^^4 4 6 c fc#LT»« 

2 (b) <D§§#ac^oTi£;£-t-sr 

iKlJ: 9 . £S*£4 4 6 a i:S^c4 4 6 b Kfc^T, 

-rtKDjymznoxt** 4 4iai: 



So 

[0 10 7] #:tc, *3893<0S5|IJ6{««rEl2 3 0t>0 
i: RI«4«*4r#i-5 H 2 7 <D u— If *V a— KSr^BR 
U*dse>lttWi-5o E)2 7 4\ H2 5Jc*tJSi"SSFU55'tt 

[0 10 8] E!2 7Sr#fiBi-5tc % ^ 7 * KJi 4 0 6 ^ 
T9$il4 0 6! £±«Wi4 0 6 2 tKJ: 9«/££lV -b 
»|4 0 6 2 ftS efcWAt-SC £Ul,fc9--«K:nS!l;: 
K— ^ £ tvT U ^ 5 O tw^t L v TSBJB4 0 6 X fiZ n i: S 
eO^K-7 ( (:J:^ 14 0 6 ; <P\Z nM^m 1 
«6 1a^ H«IS:pao»2^ffl«6 lb 1( 61b 

0>*S** nS±M4 0 6 2 tWeibp 6 1b 2 

tt. flH^4 0 5lci^S;ftS**yTfc:#L-C/<yT 

(3 11) AffiSraoTSSLtbSKlftWSft^y^— 

[0109] El 2 8tt»5 3HS09O^#JSr*U EI 2 

£ixfcTS&;i4 2 5 21 t Z n^<tt;s e Srl^^td K— ~? 
$;h,fc±«JB4 2 s^fcfcJ: 9«j££*u S5>I:142 
5 22 tt (10 0) ffi*ffi^>*»ifi^ h9^>^B^»JcS 
Unfit:K-^lxfc*l<0««4 2 5 a a <rS*4 
2 5 22 a cO^ffilltC (311) AffitC^jSLTJ&SfcSttfc: 
— *t<0p3!Wffi4 2 , 4 2 5 a b 2 J:S:**, 

nil4 2 5 l2 fc««4 2 5 22 b! *>5V^i4 2 5 22b 
2 ir^BBtcy^— h»-&ds?gfiKS*b5« (3 
1 1) Affi*«K;h.5K»««Ea s y ^~ h^tcf^?^ 
>^>^/w^yTtcJ:9iaJh*ix. Kt6««Ei s ««4 2 5 
a*3±V4 2 S^a S:SStt5i 5tc«SKSfc^«:ff5 - ^ 

[0110] §2 9tt»5*16ff!I^SiJOSe?KffiIS:^i-. 
roMT-fi, IF KfiB2 5 4>fc<£>fc»H« 

OfllatSr^'i-5d^ ^77Ki4 4 4 2 ^SeCiDn 
m\C K— ^SnfcTSWf 4 4 4 21 iZn*5ii;S e £rH3 
RfK- ^Sftrt:-LSyi4 4 4 22 i: «fc 9^JESi^tt5o 
^ JiffiJl 4 4 4 22 fi*iNfl3g<Z> (10 0) * V =7 4 7 
ffitC*J-j£LnStC K— ^^iXfcmiO^«c4 4 4 22 a t 

(3 1 1) AffilcatJELpSlC K— ^**Lfc— *f^«« 
4 4 4,3b! *3j:t54 4 422b 2 14 4 4 21 ^ 

®^4 4 4 22 b,fcS^I44 4 4 22 b 2 h<DWW*— 

OJg^ KSMUEttffff 4 44 aioii; (10 0) ®* 

[0111] friz, *J6K^S 6 (OHIS^JS:^ 3 0 
[0 1 1 2] 03 0 4r#fiai-5(C *Hlfeffyfc:.fc*u— 



(21) 
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KIlnSG a A s S«4 6 1 JttCff£/&$ tb 
So 6 1 tCtt (10 0) E#{£tf>* h7>f 

6 1c i-t^MffllO (3 11) AB*tt<D-S^S4 

6 1b!, 4 6 i b 2 biz* *>mi$.£tiz>&<o*vmi& 

/< 3/ 7 7« 4 6 2 l:tt» 2 f ^ f US 4 

*Srjgj£;u (ioo) m-JjtiKD^hy^ymkt&m 

flfltf) (3 11) Affi*"ffi4-*i-5»ffi4: J: 
[0 1131 /<y77l4 6 2±i:il nSlnGaA 
1 Pi? 7 y Kl4 6 3iSZniSe £r[W)B#tC K 

— ^i-Swfc-CjftftStt, ^7yKl4 6 3fi:ii-# 
^p^fS^4 63b lf 4 6 3 b 2 iS (3 11) A®tC 
*tJCSLTJg)5S;$^-Ct^S« *4 6 3 (DttLCDU ft nnm\z 
K— ^£*LTV*5. SblC #K-^InGaPiB4 
SStt/l4 6 4^5y KI4 6 3 ±1-3: tr* /l" 
f&KJf 4 6 4_hlCfiI n G a A 1 P±945 

pl^7y KJ14 6 StfS fctc/jfcftSixSo 

[0 114] ^7'7Kl4 6 5tC^A^>^-y-4 6 1 a 

»jsi-5ffi«tcji*^mi-5i*»^^flfa4 6 5 a a* 

JftftStU P IInGaPJ:945tBl4 6 6^t 

fflig4 6 5 al:^ttM^n5 0 pSGa 
A s J:9ttSS'J^ I f i raS4 6 7^14 6 6 JbK:. * IMS 
i|4 6 5 a ^SSSiSi: LXJg^^^5 0 

[0 115] ;*1NIE&4 6 5 attInGaPl4 6 6 J: 
^^±tC^S LfcG aAsl4 6 7 i: &^tcm 
«*Wfflt4tniG a As|«4 6 8 *L 
So S?>^. piGaAsi!)4S3V?^H469 
titm 4 6 8 ±1^ ,14 6 7 ^_bi®idSi-S X 0 IZJ&M 
£HSo 

[0 116] *jt*«tcj:5lx— ^>f^— K-Ctt, m 
«0>«W«Sra?(rfflV^Jx5na!Ga As|4 6 8<D 
ft&K* pi««4 6 3 b 1 , 4 6 3 b 2 l:fcVtt)#5 

S 0 

[0117] jjeje. i30 ©«JSfe»J*-*-SXa*:B 3 
1 (A) - (D) , H13 2 (E) - (G) , S3 3 
(H) - (J) , B3 4 (K) - (M) Sr#J&LftdSfc 

[0118] §31 (A) SC nii«4 6 

1 C0±£Sitcy 1^a»5S 4 61a^< 0 l-l >;£falC 
aflEi-5»i: UTJgjftSix, r tf> J: 5 LT«j«£ixfc 

H14 6 1 c £^£Dffi{iy<7)— #<D£[ffi4 6 1 
b lt 4 6 1 b 2 k\z£ 0iE/*£*t5. £L>\z^ nSG 
a A sJf 4 6 2&^<OX 5 4 6 1 

±tC^f^^r'>^/^S$iX, -t^*, 14 6 21: 
(3 11) AlJfi(0- *t^ffiT-]ffi«Sttfc»2 
*»Jft*HtFffi» 1 t*ai:»«LTH 3 1 
(B) 5K«J5E$*L5. 



[0 119] Ol^T\ 03 1 (B) (OS^JitCMOC V 
DffitcJ: 9®4 6 3-4 6 7*s-ttt-PixoajLmS!t?Ji|fi»c 
7f£j££*U B31 (C) ^«3Sa s »e>lx5. 831 

(C) lc*5^T. if 4 6 3ti P Mtc K— ^Sixfc^ffiffl 
nSKC K—l/SiV — ;*f/f 4 6 5 -4 6 7 fin 

[0 12 0] JSktc, BMb*>y = 4 7 13&SB3 1 

(d) \z7jk-t£?{zmm£fr. $?)^^^4 7i±t: 

tt7th^h4 7 1*s«8(Sft5o I4 6 7(7)±± 
ffi-h*5<fctfJB4 7 1 0±±®±tCtl^lM#it4 6 1cC 

[0121] 832 (E) <DJimX\ 7*h h 4 

7 2«y7X^K 4 r*r>^^^ ffJEifcffi 

[0 12 2] Jfcic:. II 3 2 (F) £OlSt*Sotv^5 u 
h4 7 2£^^ k LTKft'>y 3^l4 7lS:x 
yfv/t^o S&l^yf^^*, 032 (G) <£> 

[0 12 3] £b\Z* M3 2 (G) OliTMSilfc 
«Sg£r, NH 4 i:H 2 0 2 <7)7k®iR<t f^ttS^^^^^ 
flgT^^^U HI 3 3 (H) ^~T<k ?K:Jf 4 6 7 

^^^titzM4 6 7<oM«i-e±*^ffi«E-**siS{kv^y = 

yl4 7 1^, 13 3 3 (I) <DXg-e»«HFS*KS:{£ 

[0 124] £ <bt^ — ~^tf£tltzm4 6 7S:^ 
^^^LtffiV\ W4 6 6^Br, HBrioiOT 

5 £HC 1 ^tf^^f^^x 7 ^y^tti3 3 

(i) \z^i-m&znz>o 

[0 12 5] »<ti/y =x^«4 7 1 £-7*^ i L 

Ttt^ftJ&Sfe. nSGaAsi4 6 8?:MOCVD£t 
*fflLT[I!3 4 (K) tC*-t-«J6S:»S. i34 (K) 

(L) lC:fc3V*T[»3:U Se>t-BI3 4 (M) ^XSTp 
SGaAsl4 6 9?:it59t5Ii:f:J:^ i3 0Oi 

[0 12 6] mz, *«^<D»7HJEffyS:BiMi-5o 
[0127] 03 5f4»7H16ff!l*wJ:5^ b^-f 7"^— 
*F#4it— K&^i-o H*^u— !f^>f KfiS lie 
J: 9 4 X 1 0 18 c nr 3 tf>** y 7Sg^ K— T^itfcG 
aAs5t55 0 1±^$n, il^O (10 0) ffi^ 

<0 1 - 1 >*ftKjg:i£i-5»«5 0 1 asWgjSSfU 
fiufSSSS 501a fi< 01-1 >*-fttcS£El- S ( 3 1 
1) AS^&Sr^Pf-S* h 7^^® 5 0 1 c \z£ V WZrfL 
**)1 //m(D|^tt5o -f 0 1 
aliSfi5 0 1O±±ffiS:, ^ 1 ^ (10 0) ®H«5 
0 1 b, km2<D (1 0 0) ®®«5 0 1 b 2 IC##J1- 



(22) 
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5 e *^5SS»H0!Ix.tfG a A sStSO (10 0) B5± 

[0 1 2 8 ] S«5 0 l<0±£S±lCfi. SefciVSi 
S i iCi 0 K-T'Silfcna/^yyrl 5 0 2&ffi 1 /z 

-g\ s eoftfii^/wiifelcia i SfRWtfcJ; 5K> 
Soffit;: £oT^fc-r5o H^ofci-ettu (100) s 

±tC/&fi Lfcffl#-Cf*#?> 3 X 1 0 17 c m- 3 (7) S e 
*#<bix<5^ (3 11) ASB±^ftLfca5»"Ctt. #?) 
1. 2Xl0 17 cm- 3 ^46, Ell 5 0>B!l«£:#ISo 131 

0 1 ±£ffi(7?affljg«tt^y 7r«5 0 2co±±ffitc^ 

[0 12 9] /<y7rS5 0 2±l:«:, nSlnGaP 

-T/W&S^tl^o ■5 0 3ttlUati:UTGao.5 In 
0.5 P&^fU SeXttS ilCiOK-T'SttS. Se 
£{g?#^K:fi. SeiSglt^Iia^ftt, (1 
0 0 ) ffi_blC/£fi UfcfifB^-C 3 . 7 X 1 0 17 c m' 3 , 

(311) ABilC^cS L jfcSBS*-? 7 X 1 0 16 c m-*(D 
jggt^£5o if 5 0 3<DmZ& (10 0) ffi±T? 

0. Urn, (3 11) AffiltO. 2 5^ny(:4 

[0 13 0] I5 0 3±[:il SeifcliS it<t9 K 
— ^StU ifij** s (Al 0 . 7 Ga 0i3 ) o.s I n 0 5 P 
(7)nS I n G a A 1 P i 9 ftfc^ 5 y KH 5 0 4 ^^^K 

(1 0 0) ffi±^*LfcS5»"eO. 3 M m. (31 
1) Al±l^*tfc9»^0. 6Mm^SSi:*rt 
£ Q niInGaAlP±94*)3Bjfi (Al 

o,4 Ga 0 . 6 ) 0 ,s P«r*i-S*^>f K*5 0 5^15 
0 4 JildJK^^ixSo Ji 5 0 4tiS i ifcflS e iCi: 9 
nSJCK— T'StL. (10 0) S±t-^£fiUfc95^-C 
0. 2 n m<Di¥££ s *fc (3 1 1) A±tCfi!c*LfcaJ 
#-C0. 4/im£Oj?^^^t5, 15 0 5<7)±C(j:^ 
^Ga 0 . 5 I n 0 . 5 PO^K-yi nGa PgttlS 0 
6jWgjfc<**L5. SttJl5J0 6t>-tOW:SA5***lx5 
(10 0) ffi±K/£*L*:«#'e 
0. 0 1 (3 11) AciJtiC^gLfc 

S5^T-0. 0 3MmOffSS:StS. 

[0131] mfeM 5 0 6 JlKWu &jScj&s (A 1 0.7 G 
a 0.3) 0.5 I n 0 . 5 P^pH nGaAl P ^ 7 :/ K 
JI 5 0 7^^5:$ix5o l5 0 7ttMgifcttZnCJ: 

d K-y^ t <i 0 0) ffi±Kj«*LfcSW»-eo. 3 

Mm^jfS^, %tL (3 11) AS±tC^SL/"ca5^T* 
0. 6 nm<DJJ$&*i"^o I nGaAl Pi 

549ZniSe T'fU^tz K— :/£ixfc#J^ 7 y K/f 
5 0 8^15 0 7 ±\ZlfrrfL£ix% 0 9 9 y KJi 5 0 8 11 
&/£ (A 1 o. 7 G a 0 . 3 ) 0 .5 I n 0 . 5 P*r*TU 



^0. 4/:mOpS?S«5 0 8 ai:, -t^WW^ff £ J& 5 
0. 2^m<OnSffl«5 0 8 b li 5 0 8 b 2 ^tf o 
fcfcU ®i£5 0 8 a "CfiS e <fc 0 t> Z n <Z>»£asfl5 
<. rofc*pS£*"t-£>K*t U ffi*5 0 8 b lf 5 
0 8 b 2 -CttS eC0»*O^5* s Z nggj: 0 fcH< n 

[0 13 2] S5 0 8±tCtL (A l 0 .i Ga 

0.9) 0.5 I n 0 . 5 PTfo^bJ^pSl nGaAl 
P J: 9 fcS'FraJS 5 0 9^ (10 0) ffi_htC/&fiLfc 
ffi#"C0. 04;^ n^tOff *fc (311) Affi 

±tc^sufcas5>T*o. 0 8 ^ o xDm-zx-mj&zft 

Z> 0 Sfcfcl, «J«dS (Al 0 . 4 Ga 0 . 6 ) o.s I n 0 . 5 
P^pSl nGaAl P<t<9 ftSgiJ^BJJI 5 10^, 
15 0 9 _Hw (10 0) ffi±.<D6M>-e 0 . 1 $ ^ a 
J¥££, *fc (3 1 1) ABJb<O«B#-e0. 2^^d> 
OJSSSrfi-r^ J:5^JKfifc*tt5, JB 5 0 9*5J:t*5 1 

fc»«fc< pS^^ll^^to £ h^. p^GaAs 
X 0 <C5=»V^ ^M51l35 s 5-10;^a ><7}Jf:£ 
-CJg^fcSttS. *5 1 lttZn»CJ:9. 1-6X10 18 

[0 13 3] JiE*3ifc:'^^v'^/^*^*«. 5fe^^ 

^)/^^ix>5o SeO^S:l5 0 2-5 0 5t: 

^At^f^, zki^fciruv^ S e o^e/t^ft 
v^gf^yi'«gK:#LT^2 x 1 o^cftSJ: 5 
KftfS. wttlcitK (10 0) flBJbKfiJESLfcasS* 
T» 8 x 1 0 17 c m- 3 £>m^i8S u^/^* s » 5> * it 
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dfel^T. Mg<PSeffl)SSiiB<PflfeB&tt. MSlnGa'Al 
PJBg>a«3ftSMtft»h,a«WJ:'J^ffiKBIItt»ix. BBC 

I n G a A 1 PJj(Pfi£: B t(S>tea>ri>'bfeS-fe Q ^"C. M g £ 
HfifE I n G a A 1 P§»l:. HfftotC— 8lft»g-CgA 



a — 3*<p ;* h?^ ymwrnm t tc £ 0 ff?5£ £ iifc * 
■»w»-c*>»). ttriF.h4-ffitt (100) ae:frfifcfr<ru 
afrfHfflilfgBtt (3 11) BB:frto£^^ *^»4r<&£ 

IfS*3g5] SfrKl. mlfgl n G a A 1 PWiTOBfifcS 
Jxfc&. RfifEI nGaAl PJB_hKl. :cfcT»*f">— £Si 
SLOO. tffilg* K^W J: 5 InGa 

a 1 p ± n t^m\,^<^ h-*r+ v7-&m-tz>& v—y^m 

6 ] fttli5^ -htC. MlnGaA 

M»a»CDWK-^yl'frftlM-5Igi:.. McPg 

l«>|gi|feai(*:W(0««M»lcftl *. a r j: J: 9 . 
M«C«fttllltttaaj;J:')ftO. M gfrlnGa 
A 1 PJB<p»fifcISH*M»a>fr. Blrl<PiSg^^-Ct 

[W*«7] * MC. HtilE I nGaAl P^(0^fi£a> 

tngas^_h<oafi§p^ h 9^ ^ «»tc»»-<-a J: 5 tc. a» 

I nGaAl PJBfrffiCg*»±tC«fifrt- aigSrS 

liiE i n r. » a i Pi» K-^y^tsatt. M 

g Elfl-cP KW<^ h Sr. g[ffil!Ogl-<Pffg-e. ffllS InGa 

a i pw<o«BfeT.»<oi«m^BiB»^»-t-axgfc. m 

g aiffilE I nGaAl PJj(C+-ftfr>g/gT-gSA;**-lfc 
i-ai5^Jllf5®g37JS. 
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ymi£&^&£ O C In, Ga. Alfe^PQgffi 

I n G a A 1 PJltCituEff 1 <D* h *7 << :/«igtc:*frJS L 
fifc»ixfc« 2 co^ h 7*«£r^ U-if ^ 

mflS I nG a A 1 PJB<PJ5E*frtC. HuE In. G a . A 

GaAlPl^iH^f^ K<Pfg» 
«IIB«li8J:tfg2^ ^^7 p «»(Q»ft< 

itufE I nG a A 1 Pg(7>^ B B B BtCJS CT^>fe; ^^:^> ^ 
(.1 0 0) ffi:fei:tE (3 11) Bg£-£^ buIB I nG 

ffiiai nGa As PJB^ P a?^K— ^ggix. -frOBSt (1 

oo) g±tafcftifc«%o**yT»;g# (311) 

[If** 1 0 ] tufBI n G a A 1 P1H MgHJ: 
9. guia I nG a A 1 PB^Mggg^. (10 0) 

B±feJ:rf (311) BB±o#ffltttcfev^rv^i*^fe 

1 X 1 QlScm^^J: o\Z K— 7*£tl. titzS elC 
X 9. ffllBI nG a A 1 Pl»(DS e (10 0) 

B±Og«CfeVt4X10Ucm^ (3 11) Bi 

3 ixa r t &&wl k-*& ft an 9 Etfc<p^fe. 
[»** 1 1 1 «riaa«<ofea^w^^«ffittiBaffi 

tic (10 0) DS&i:^ (3 11) BS£t^3k fiSfS I n 

I*. HufB I nG a A s P Mfr (100) BJKPflttcKljS 
l^T p^tC K— T/^i-u (311) BSJKPffiSEtCfel^ 
T nS»C K-:/3*b5 w 5ftif8 Ett<P 

[H*S 1 2 ] BuE I n G a A 1 PJBte. MgtCJ: 
9 . ItuE I n G a A 1 Pi^MgSf^. (10 0) 

B±33J:t/ (3 11) BB±<o»«ttfcfe^T^i*ft,fe 

1 X l Qilc m^tCft5i: 5 SfcSetC 
J: 9 . fflE I nG a A 1 PJgc£<OS eBJti^ (10 0) 
5±^at:jo^T6X l Q U cm^ (3 11) BB 
±CP««K:33^T 1 . 2X1 Q 1S C J: 5 \Z K 



1 3 ] tffitB«»<OfeflgfefttC^fffflifeiSflffi 
ft (10 0) (3 11) BBm, ME I n 

GaAlPBSrK-^tSIltl pgiK— ^^h£L 

tt» ffijE I nG a A s Pil^n^C R— y 
T»JgW<A^ (1 0 0) BJhcQfi&Cfe^T. (3 
ii) Bffi±<offi«i:>) 1 b»K<ft5J:o^ »tfrggfc5r 

[«*35 1 4 ] liffEInGaAlPBll ZnCJ; 
9, fflEl nGaAlPW^OZnM^ (100) 
ffijKPffittlCjo^T 6 X 1 QAIc m = atc<£5 J: 0 C £ 
fc (3 11) BB±(P«8t:^Tl. 8X lQ Ucrn 

G a A 1 PJlfrCDS e»g^ (10 0) BJKOWtttCfe 
^nxiQiicm^ (3 11) Bi±O^Cfe^ 
T 2 x i Q ia c m ^icfrfti: 3 K— 7£iiZ>z. b&%f 
Sfc^5ff*Jll 3lB^cp^fe ft 

[111**15] ttriattttoteJi^^^wiiBftfefla 

(10 0) Sfeiint (3 11) Bim. ME I n 
GaAlPl^K-milH pStfK— /N'^hfcL 

tt. buIS InGaAsPBtf (100) BiKPffiaEtCfe 
l^Tn^C (3 1 1) BBiiCPffittKlfe^T pStC& 

[ft** 1 6 ] MIEInGaAl PWtt, ZntCj: 

WEI nGaAl Pl^ZnM^ (10 0) 

S±g>a«Hfev^t 7 X 1 QUc m^ftS J: o t:, * 
fc (3 11) BBJKOg«l:fe^T2. 1X1 p ig c m 
=i tcfeSJ:3tzK-? , £*u **:S etc J: 9. TOE I n 
G a A 1 Pi^S e«Jgrt* (10 0) ffi-b<Offll«^j3 
KlxiQl icm l (3 11) BB-h<Pfii«&K:i3^ 
T2x i Q ia C m di:ft5J:^:K" T^jxfr ^ £ £4$ 

. i 7 ] tgrE«ft<Pfeft^W^^»ffliftfeas 

(10 0) SfeJ:^ (3 11) Ail'^ buEI n 
GaAlPBfrK^tSIfett. P SK-/<^hfcL 
TZnOMMft^ niK-/<yhfcLtSeg?<M 

ffiEI nGa As PJ8AS (10 0) m±(Dmmzld 
PtnSt:. (3 11) BS±g)««(:fe^tpil:4 

[IS** 1 8 ] lifglnGaAlPltl ZnCJ: 
0. HUE I nGaAl P Jg«fr<P Z n (10 0) 

S_b(73ffi«tCfeU^T 2 X 1 Q lfi c m =a tc^5 J: PC ^ 
f: (3 11) ABl^i^^^t 1 X 1 Q 13 C m^tZ 
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ftaJlTtC K— ifefcS etCtO. buIEI nGa 

A 1 Pm<P <OS e Bk&fr (10 0) BJhOSH&tCfe^T 
lXlQ Ucmd. (3 1 1) AB±<73fE^tCjol^T6 
x l 0 l »cm3fcte&J:3K:K— T^il&rfcfrffttfc 

[»#*19] # BfriB I n G a A 1 PJgtCBSjg 

Lt. ngCS2P I n G a A 1 PJISr. hH§5^ 1 fe<fc 
I nG a A 1 PJgtPFsinCp n&£-a*. b5I5 (3 

[RM2 0] ttmtt»<P»a^tttC#*^ftil6aii 

«: (10 0) B3SJ:T/ (3 11) AB^^. AftS I n 
GaMPg»K-yt5IStt. K-^'y^L 

M*»j;felBB*ta[lP*i&Igfr-ft*. ZnjrSeOilJg 
tt. BtTlB I n G a A s PJ8^ (10 0) BJKOfl&tCjo 

v*TnSfcttP«i<o«a:*fr<r-<-a.fc$E. (3 

id A&±o>mmzj$\,*xvm\z.tt*)m2a)* £9*: 

» V^fit*fr*Tt-a ± n jxa r frWtt j: -fa 

1 OSfii j:aS^ofc^-fe(73M2g3^ B s a S^^-, flit 

tag 2 <PttMtt^ara»ffiKfc^Tfl;«feiBfifc-<-a 

[f*#^2 2] ffllE I n G a A 1 Pl» K-T'tSI 
gt3> Htfffi I n G a A 1 PS^. fflffi^ 1 g>j^B%B5±(^ 

[8**352 3 1 HgfaH 2 (PSISBtt: (3 11) ASSr 
flgfiEU aute I nG a A 1 Pitt*. 12^ Y=7*<7m 

mtK ,nia«2<ofeaaiK»tf ;^-s on) Aijrt 
[fS*^2 4] atriem 2 <om&m-t (4 1 1) abj: 

aAlPltt. mie»2Q^ lK?fafS2 
(PiiS&BUiatfSl-C (4 11) ASfr-g-tfJ: b\zMrfL£ 

[n*«2 5] nwa«ig>^ h^^rwgiriBia-f a 
xatt. mra*aH«Mfi<p*gifc lt. (100) sic 
a u -cflhB l fc^mS^ , %fi£"t" a xfs »^rr? r » w« 

[IS*^2 6] g <btC. Bijigm l^InGaAlPl 
KB»LT«2PMWInG»AlPl». ffilMB 1 

J:i;S2roi nGaAl Piro^i:. STUBS 2 (PSg B B aB 

^*»6-<-a«ttfrifc». Pn »-a-^»fiKj?^ajLO>c» 
fifei- aia»^j-fCj:»»«i:-<-aw*»i2 itstt<P2» 



a. f§^H2 1-2 6<o 5 *■». ^i*:h,a>— gcttwa- 

[H*«2 8] SfeKl, Ga jrAs<OJM»fe^«i-a 
r^tCj:*?. GaAs/g£. Hftga^SlfeSS^jtfLTa: 

7^7'«^^gg.-t-a^ B i,i5t c»t^aiSp B B BicJ:'3i§i 

fife ft ilT jo 9. BMBGaAsWfrflgfiK-faXgtt. Zn 
i8J:tjeSe(O<[*BM»»«an-fa^i:tCJ: 0. SftlEG a 
Asl!:. Zn kS e tiZjjiommz. fiufSG aAsl 
m^^t^. (10 0) ffi HCfifrglfc«ttfcte<P 

jftaiE±K:fi£gufe««^-eafta J: otc k-tYsi 
g»»tfr. fe»i»«ti;-*-aW3 ftjg8iatt<o^ife. 

[IS*^2 9] ftfilEG a A s Jgfr K-yt5I§tt. 
GaAsltOffiW. (10 0) B±ICfife#Lfc@a 

[if*^3 0] ftfrfgG a A s K-/t6Iltt. 
GaAsli' (10 0) B-h<PJ5fcft LfcfUsEtCfeV^T p 

<caj:^K:»T»^ar jr ^w»^-<-aW3ftig2 8ia«t 

[»*S3i] «i <p«a»fr« 2<pfl»*-e*^:frffifc 

»*u miEaag±»«Ma*^ tfttcBEfti-a (100) 
sj: ►? fta^i h^-r^'s^. 
T's^Mftnic. iwna*^friftifcgfr<-a J: ^ 

ix. (10 0) S^t^ft-ofc^ B B B S-Cil?5fe^jxfc 
-»f<73giJ(D^ Vv^-T'S^tcJ: OtilBfe^ixami^^ h 

*7 << -jimmy m%u&3L±.\z. simga^S2roat 

T-fr^lfeltCSE^F-t-a.tot^Bg^iX. ^15^ 1 g)^ h 
7 ^ T'a^tr^CfX L^F7^ ^<S^?r-ir tf I n G a A 
1 P i: 9 ft afS 1 <P* 9 y KB : fflfem 1 <D? =7 -v Y 

ihi:. «igawa^«2g>W)fe-c*^i^^ffia-<-a 

A»fc«2g>«t3fe-e*2£jfria^BEfe-<-a J: otc^gfe^ix. 

I nG a A 1 P^J: 9 fta%2<P? 9yKat ; fit 
» A- : aaiEm2g>^7-y KT-hfcjgttfrft*— S-y^^ 

wt6S2 J: q ft a i — if y^r ^- KlCfe 
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y). utile* V7jzfmm[zv&ekte< . 3MraiK:-«tta 

drtcK-^SitTteP. JjfTlg8l:fc.fct/8 2<P*7-y K 
— K„ 

[m#s 3 2 ] gioaHtgjtcK-^iu giow 

ft 581 h^^ymt. m?fS8lg>* h ^T'BtC 
2<73S^-ofc^ a ^fe^^i-.5M B B B ST-iBBfe^^fcm2 

fatc&gj-SJ: 9KJgft3*ufc I nGa A 1 PJ:9ftS 

^■gg^lRltc. Miam 1 tog 9 y Klico— SB £ Lti 

fr^^5& H B BB.fcQ^6fc;*:h,7-i8 3<P* K7>< /l^r. 
Tjftf582co* h7^7^i:M^L. milE-g-^^-rBitcsea 
U ^«2<P»**ffir>»^&te*iEKJ:9»a£:h, 

<< -?m&h •■ mm* htc. 8 1 <om*^ 

yrfc82<P3ftfctt(P82<P**yT£friftif&£*U B& 
ia«lg)#-y U7j;«2<Odp-y UTWWfe-frlcJi^K' 
-Afe»ftt5Bttlj: ; OTlBgtt»_fcK. fifi1B8l. 
8 2C0* h^^aigH::3rA-lT8l<PCri^8 2(£>aa 

^»iife#ixrft»?. m.fE8 3g>* hv^BtcMtsu 

&BJ:Q^&£i^::8 5g>* K ^^BK Tffif584ro 
* h^^ffitCfctJSl^ BaiS^^lSltwBE^EL. ffi)lg8 

2 O^M ^^t^Maill J: *> m&.**iitm6<ox 

b^^ymtiZi. 9tiiBg;*;ft,58 3C0* h^-fT'fffigr 

IfrtCjjffi&j-S J: ^t^figggjxft; I nGa A 1 PjgJ:9tt 
S«2Q»7yKlj: : fifr E8 2 (P» 9 y h'M±iZ. ffl 

fg8i-~8 3co* h7-<y8i§icf^LTgi<offia^ 

M2 0C^T-gr^t6HC, GiiW,m2<Di> =7 -y Kg CO— SB 

nncBESL. mig«2<oiaa^ffirfr*-*-aiHfagiu:J: p 

CO* VU-fm&k ■ anKS«TS5^8gff mtc 



tw. Bfi§a8l<P:7 7-y Kg^LtaAt5SlC0@i 

-s-y^fefeu «HEg2<o#^yrfe H trtEgtt»tc> 

mIfE8 2<7?*7-y KEfrfr L TftXt5« 2 <P«E^» 

£ J: Ktdfc^T, 

#JgtC. aul?-^3(D* h : 7W7 , ^^tcBSia^5co* h 

3 3 ] «HapSK-/<yKlZnJ:DftO. 

3 2 E«tg> U-f^ ^— K. 
[W** 3 4 ] *MMKl. 83. 8 5 £^8 7 CP* 
h7^/lB (100) B.f9ft*K llflf582. 84, 
S6feJ:Ui88g)7l>7^7^itt (3 11) BffiJ:^ 
9. Sfil58l~8 8cO* h^^raiK 0 1 1 >^T6]^ 
BEfe-t-S^ fe»W»^-<-aW3ft fll3 2^fctt3 3f7ii£(P 

a— k. 

l!»*J3 5] <Wa«l. 83 . 8 5i3J:T/8 7g>* 
t-^^gtt. TinfE8 2. 84. «6Sfctt«8g>;* h 
^-TTl^MtS-tg) (3 11) Bffifc.t QflHfrfr 

credit. Mia— ^<d* hvWT'aco— ^•»^e£-^-s 

(3 11) BiStt. <0 1 1 >^-|SltCM,fc»-&tC«l<0 
^•iSitC^g^L- ■W-^-cO (3 11) Bitt< 0 1 1 >yj[6l 
\z JLkM*\zM 2 <Offl(D^fS]tc<g^ Ltl^^^M 

[ff*«3 6] HWa«l. 83. i5feJ:i;S7^ 
K^^T'TStj: (10 0) d5± Qffgfifcgix. fflfE8S2. 8 
4. «633±TJt«8Q^ b^-C-ymCX (3 1 l) ASJ: 

■9ff?Bfe^ix. Migmi~8 8(D* h7^rsta<o 1 - 
i >3>nftncBasE-»-ar j:»w«^-<-aw*fli3 2fg^<7> 

[!S*53 7] fflfami. 83 . S5teJ:t;i7P^ 
1-7^7'l^lj:. fflJyjT)^. fltigS8 2. 84. 86 
*^tt«8<P;* K9W7 , n5fr«iig-*-S—tt<P (3 11) 
AffitcJ: ij tiW^tix. ffiia-*HP (3 11) ABO yj 
tt. <0 1 - l >*ift^lLfe*fr>c«l <P77fa(c<ig£t 

3 6 taft co U-^^^ ^— K, 
[if 3 8 ] ffiUMBl. 83. «5feJ:lffl7fl^ 

h7^7-ill fflgBa^Q^ffitC^L-C<SMLfc^ B s B B 

huIP.82. 84. 86feJ:t/880* 
7-EI1 Bgiag^B»«5£i-a^ B a H B^-S-r-5^ B a B 
lJ:1^r k*<&'&k-tzm*i%3 2 Eg g) u— if y 

{It*3g3 9] <We«l. 8 3 . 8 5feJ:tj:8 7<0* 
h^^Mtt (3 11) ABJ:D<eSrj:Sr<W»f:t5 
fg*ig 3 8 gg@(D u— f¥4 7t- Y\ 
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[!t#JS4 0] ffllMBl. 13. S5feJ:U!S7^ 
[1**44 1] ffiK«l *iJ:TJ<«3<P»7-y KJt<PV» 

2 co^m^ro— ^wagrngj as i <o y—'<s v 

y. <ft^<paia:q»fr»-*-5«2wK--/<>ncJ:>)HB» 
KK- 7* 3 JVC 38 9. l — f^t-KOBlitiittr. 

%tcig^iftic&Ai-am^^re£r£ff?E£i •■ asiattat 

-fS »77 K«tt« 1 O^T * 9 7 v K« 
77 KWtt. 1ffiia«l tei:tf«20K"/<y|>CJ:i), 

**4fcfr*i-a«ttfcj8^TtM ME i w k-^v Koai 

a J: 3 *u ±fcHijiam6(P* h ^TUSKifcHS 

w<vi»pi»«sgKK-:r#ixaj:5K»fr;**i,: ntria 
m 2 o-frT*? 7 -y KJgtt. amass i <o k — h t m— 
<omnm**-i-& K-/<y nc^o^i cpmw.w\z y- 

T'SiU MES 5 h 7^f riKm LS 1 Cfefa^ 

^ifttcgEagi-a. « 1 <piftft :ftttrfr*-*-attABf J: o 

fcSaSKP* h7^7'ffijr. fflfBgSKP* 7^715 1;: 

<£>;*. h7>f TTB^wi: *?fltfifcg*x,agSl (O^. Y=7<<-?m 

KDtyy YM t ; SufSfl 1 <Dt 7 y KJ8±tw. TnilES 
IP? K 7>C ^iSl:^ LTf 1 (P«ii>t»g 2 

^a.fcot^R6fc;**i-Cft>K fflfBgHO^byWTTBtc 

las 20;*. hv^ysnmu m%z&ttmzmiz. 
l. fl?iia%2^ H 3 9 7i-fe^^ -a^»f a stcJ:>)^fife^jx 

fci54(£>* h7-f7 , B£[c.fc 9BiJiE;**Lag2(P;*. h7 



±-c*ttfatz. Hniasa^^ -a^ LTgEfe^r-aJ: t 
flftiE-§-^7j^tcs£gL. aulas i 

^ h-7^7 , StCMJ^L. HtitE#^lR](^ig#-L. flutES 

2g>aa^ttfr<r-*-a«aiBtcJ: 9flgj&;*iT,fcS6<p;* 

S7^7°S^tC± >)iliB£^ixa%3<73^ h7^7-«iS 

£ : «HBg^JB±tc. «i<o«83a><-»»2wa*-cg^ 

rfeitcSEfei-aJ: Ttc%B£^ix^ ^.-A-fe^m^J:0<ea 

si-g3wi-7^ zrm&\z&& lt«i ossa* e>s 

2g>«hfe-Cgg7frailt£. lWE«2 0^7»KMP-«fc 
LTSEfei-aJ: 3KH»fi££:h, Tftq. Bul5fg5<P;*. h7 
W7 , nEt3^L. MIB«^3trmiCffiaL> aftiBS 1 Wife 
Jl^tt*tti-aft*aBJ:q» fifcS;h.fc«7(P* h7^7' 

oaia»6<o^ h7^7-stc^b. nwag^arfti 

(CSEfeL. H tHgm2^ B 3 a 75-(fe»^a^ B 3 a S^J: 9^ 

sfc£ii/-S8(£>* h7-Y7 , fl5£tc.i: 9iiifig;*ixaS4<ft 

>■ : «>ta»2g)^7y KJB-hKl»tg>ix. ~ixt-^— S 
■y^jfttL. «HB«2<0^-»Uy*rffllBg ttJB^ ffif& 
g2(Q^7-y KB»»LTaXt5»2Cti¥«feJ: 

« 2 g?aim^o-^co^mgs'»^-i-am 1 <r> y—/<^ y 
y. to.^<pmm.w 2 <DV-'<^ Yk\zSjy) k 

■a^tc tj?.S3io^ h7^7 , ie^^tC fiMts^5.(D^. t» 

7 y KJBttgl ^1^2 (Ti^rf^ 7 y KJB± 9 <C 0 : 
antB^ 1 (OIt-T-^ 7 -y KJBtt . ffiHMgld8J:Trtg2iPK 
-/<yM:J:Hii,fKiO K-^i/^/Hw K— 7*^tt. 
^Pro^. m&.*h,?h,<o K— 7*u^</ut± . ^1511(^-7- 

7C-j-a± otcgg^-^ix. ^fcmifEm6(D ^ v^A-fmz 

mtas 2 g?^B B H ^^^ri-a^%tc3av>TMigg 2 
<r> Y—'<*y ha>StW(Miz K— 7*^ixa X n \zW&£K -. 

6»s?.g 2 0-7-7'* 7 -y KJBtt. antes 1 0 k— ^< v k t 
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[»#1U3] meg 1 g>e*:frffi:tt. aags-aKtt 

LT. (3 11) Ait (4 111 Affig>llll(PttPfl<P* 

— y^w k, 

[R*«4 4] BMB« 1 (PiB JUTffltt. mta ( 3 1 

[BM4 5] lfflfEgSl TrtfttS. flniE (4 1 

1) Agfr«g^5rfcfrWttfci-SM3MU 31Btt<P 

cap u-fyw a— K. 

111*54 8] HMa« 2 g»6 Afrtttt. (10 0) s 

A>e> (ill) AS^-fgitc<g^Lfc>SB B BB^Mgi-a" 

k&<&mk-fz>m#im4 1-4 70H. v^-rita*— g 

g±Srft^n>iKffia-<-aaiJ:')ft9. owaaitt. — 

lem ic^h7-( rffia^fflfB— ?tt<Dj^rRi-t-5ffl!igg>— ^ 

JxOTfgm lO^-yKl. WiagttJW J:tHBTE« 2 CD 
>>=?v KW.hK:*»S-*-S«fr*gEEL. fiufBfi 2 

[**MfjE2] 

[4t!E&**g(«] KM* 
HftjE*t*«S«] 0 0 0 7 
[*jE#8sI 8CJE 
[ftuEP^?] 

[0007] a4_L^*^t"C*i±. y y -^fljita^** 1 <b 

n|OG a A s 10 8a, 1 0 8 b IZ X 0 X&Zft 

y ?i?fltit£&oT9&3J'bS. Cixtt. yyi?«JEW 
ffifl^G a A s # I nGaP^I nGaAl PiO t>'<V 

-tPSSSffiiS 10 8a, 108b \Z&\,*X&VimA s 



v^fflllCDG a A s 108a, 108b a* nSlC K— 
7*$^TV^fc*Wi(jmo5ttBufay s/v^itSrjjSi-bSJ: 
5KSSKS^&5tt5. *»A»SSSE^<Oife*, El 4 1 

f§14JI 105iLtInGa PS:ffioTV^fc»»6 8 
0 nmORft-CO%«asT5rtgT?$>3. 04 1 

5. 

[#«*fijE3] 

[*§jE*t#t«S£] 0 0 13 
[ttjE^ffi] 3£}E 

[0 0 13] 120 2tmi&£tlXT*?&1fc&£frZ> 

#^fc»(Cp^<73G a A s i0ffc5^y77l 2 0 3^ 
if /I'JifcgStU Sfc^ . B4 KP flHJBl 1 

0tC»J^i-^pS I nG a P <t 13 ft 5 * ffljf 2 0 4d^< 
^77120 3 Jtfcif **->-r/i'/£fi$;jxS. «fHJS 
2 0 4±tC(i$e>^pM I nGaAl PJ:945^7? 
KJI 2 0 5 a^t** /W&S^ft. S5>l^7 5' K 
g2 0 5±(w«^K— 7* I nG a P J: K) ft 3 m&M 2 0 
6a*if *#-> + /W*££*t-5. . 04 1(73 

w— - »f*V h'te-si$tftmi&x-(0&M&~*ItZxib2>. 
[f«iiE4] 

MI«*qiB*] 0 0 14 

[0 0 14] ZblZ. flHt»2 0 6±lCttnaiI nGa 
A 1 Pi^i5^77Kl2 0 7 * ->-ir/l/^fi 

114 lfltldll 0 3C»(5t5nII nGa A 
1 P«t 9 45^12 0 8-4S3.f^df->-^/^fi^n 
•5. $ 5> fC^IWS 2 0 8±Clin'Sff)G a A s J: 9 « 
S J H2 0 9^ 3H^^^->-r^fiK^$n. S?j 

M2.0 9<7)±±SiiiU ! SS2 0 1 (DT^mzM 

fciBW££-*"3a& _ eMOC VDiSCJ: JgfiES^L. ^ 

ft. ifcnSK-/<yhilt(JSefc5VSiS iiiffi 
fctvSo Z ntt^tT^df-v'-v/WJiSr^-rsy— 
IZ~? * ?si'Wi& ( (CH 3 ) 2 Zn) 5r?S-&i--5r t\Z 
£Y)^.^£ttZ>cOlzML, S e liTKsR-ft-fet'^' (H z S 
e) Srfi-g-r-SCiTSSASnS. Si^7i^ll-> 
7 V (S i H 4 ) J9-5V^ttv^V'7> (S i 2 H 6 ) 
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lffiJEtt&.9m%] 91*111* 
[*§:£*f&3£B£] 0 0 2 4 
[*|jE*ft] £M 

[0 0 2 4] 

[«W a fc»t>©#»l -klBcogft 

». warn KiaaifcJ: sk i. *antaag*ffi.htc. 
<wiia*«atg± »3f^isi^. ?.iwcWf(cgEffi-raig 

m^^KD^h^^ymm^tfUoiZ. InGaAl 
Pl», In. Ga. A 1 fe^UtPCQ^ffiMi&CP-a-figlC 

off£j$gil. -frCQ&fiiriai nGaAl PJgtdtt. fflfB% 
ICO* H^T^HBftfcattSlfe. ffi&coiSII^&K:^ 

ffi^B 9 a s-ciiiBi6^ixf-m2g3 ^ i>7>fy«Mt»a^ 

T. flufg InGaAl P JtCQfifcgr-pt::. flftlS I n. G 
a, A 1 fe£U:p<ft^rem£HC, M g CO^CjlMiEI-Srflax. 
arjrtCJ;'?. filial nGaAI PJ§». ffifRf^CO* 

tefjjftqi2tcfafELf-i:-jt;:. ffllEM g <Q«ttM«tt. 
5£ (C5_H5 ) ^Mg-C^^jx^tf^-^^g^^^v 7 ^- 

cofrfecii: 9. ^fcttW*3J3twia«LfcJ:M=. AWE 
I nGaAl PM* K — 7°^"^>XStCjoV > T. M g (D^ 
*lM£l-CPtf:ii&tt. ffiTSa InGaAl P J8g?B£-Sa^BBfe^ 
ixa&Sf i: 9 ^ffl^BBfe»ix. fifrfB InGaAlPlm 
/fogCOfefta-tbftg-fr'J MglritainGaAlP 

LfcJ:Ttc. HiilE* h^^f isn <oii>:fri6]tc 
h7^yt±tSj:. < 0 1 1 >^[RltC}g& 

isffligsti (3i i) Bg*<fr »<r-<-&::>'frWttfc-t- 
afgsfeiiifaigcpfrfeiri: o. *fcttW3fcH5K:K«l 

fcfcotC. frfrfc. Hfitai nGa A 1 P»3 WEEfc»*bfc 
f£. mliS I n G a A 1 PM±iZ^ J. f f 3- >— L 
OO. iiifa* h^T'fltjftfr-S-ff J: Q (C. InGaAl 

pa*) i>m*'<* h'*+ v z>& h'-y*m&m 

ISsftif lls&cofratcJ:'?. ^fcttfg^Jl6tClSgLfc 
J: r> \Z. £ £>(;-,. rnlfSS^Ji^. filfa InGaAlPl 

(PBggasESfegixaJ: *? «,mii:. -StiMMo^^tc J: 9 

P s*ara»*Ma5fc-*-ag:«* **. fflj?.pf»s»i 



flt»frMtt-t-&Xg j; J: 9 <e 0 . MefrlnGaAlP 

slMr7fcfB«Hfe.t3fc. £MC. SufBI nGaAl P 
JB(prejft;fl-BM&S:h,aJ:9frfflK:. InGaAlPJ:9 
i^i^O ■y7'»^t^^ K-T^aH* J: »? ft a 

EEL. flniS I nGaAl P«fr«[tagttJB±tC?gl5fc-<-5 
HlBInGaAlPl»K-tfymi 

InGaAl P*tP»fifcI»c OMteA' IBtttEflfcte-fai 
a jr. M t j^HilE InGaAl PBC+^ft8f TgA 

^a*£ B B H ^&t'#gffift&.ff .3ni: i? iii5fc;fcixfcfg l co* 

=ys(-7mmfr-$;ttiLn\z. In. Ga. A 1 fc.tt.ypcp 
«*eM»g>-»»KJ:'). ffigiN K<fc»agt=»Lratf» 
»•>— »«B»Lfttffe»a»^fe I nG aAlPli:. 
fiTTffi InGaAl P JjtCfiiliagl 1 CO* S v-Y^a^tCM 

QBi5fc;*;h,f-gS2co* Ff^T'gS^ftSu- 

Wah--KO»»^rfe^feV^r. aftlS I nG a A 1 PJgCQ 
Hfe-gtptC. HfifBIn. Ga. A 1 33 J:T 5P CP-3t*iJg)& 

ffg-eflP£5r J-fc-fJ. WEI nGaM PBOttftft 
*fc*fr. u— yy-r^— KWIBlMttaEift*. WfflR«lteJ: 
Ui%2C0*, h7^7 , «3gCQ/j>^< ^^V^-fiX^CO^CO 
ftAgifegWfltHraEixaJl T^. BiifBlnGaAlPl 

imctttt<pte*gwtE*««ftfcftffitt do 

0) SfeJ:!^ (3 11) BiEi»-^^-. tfffa InGaAl 
PBfrK-TN-aiStt. B WK-/<y l>>LTMgO 
■SUSJMi&j:. nIK- K jr ITS e<D5a&fflfr 
|gl^^j)Ox.aXS.fr-fr^-. Mgj:Sem »ffti. ffllEI 
nGaAsPi^nSIICK-^il. -T-CQ[^ (10 0) 

as hi^fitftflMo»» 'J rMtf O 1 1) Bii 

KLfiMHfc««<P»* 'J Q ft S ^ -> l^sg 

3P#ixa^ir»W«j:-*-ai»*i«81Eg<0 ^raKA 9. 
^ fctt§B^-S 1 0 \ZfZm Lfc J: 5 tC aftfH I nGaAl 
P^t^:. MgtCfcQ. BulSI nGaAl PltOMeiS 
gtf. (1 0 0) m±33i.X* (3 1 1) BBn HP»«tt 
(CfeV>Tl/'-f il^ 1X1 Q lSc m^ lCfta± -? \Z K— 7° 
^h.. ^fcS etCj:0. ffllE I nGa Al Plt^WSe 
ag^S (10 0) B±CQfiatC3o^T4 X 1 Q Uc 
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n A (3 11) Bil^8l:feV^t8XlQ U cm 
=* K:feSi: o\z K-^g^5Cfe8:»l»tt5H»il9 

ic. ^«[»<ofea^ft^^<MffiftfeflBtt (loo) 

Sfci:tf (3 11) Bffi$rfr3^ ffifBI n G a A 1 PJB 

M»fe> ni h Lt S e (Q«§M)H 1: tWft 

\Z1)W^TM^^ Ms. t S e <Dl&mtt. fflia I n G 
aAsPWtf (10 0) BJ:<Offl«fcfeV^tDi!i:K- 
7Ztl. (311) Bffi-hO««tCteV^TngtC K-^ 

fctt»3ft3ll 2tCia<fcbfcJ:ofc:. buIBI n G a A 1 P 
MetCi: 9. BtrlSI nGa A 1 Pl^Mggg 

(loo) B_h:fei:iE 011) Bm±<o&mmz 

*U tfcSetai tufa I nGaAl PJlfrtPS eig 
Jg^ (10 0) S±<PffitttCfe^T6 X 1 QlIcnA 
(3 11) Bffi±Offi«tCjol^-Cl, 2XlQ i a C m^ 

tc. t>m«a[(o»a^fttc^fflft»flffiri (100) 

ffiteJlt* (3 1 1) Bim. 1MB I nGa Al PJ1 

JM**£:. ni Kw<y h i: Lt S e felBI» 
ICflPxLSXgSrg^/ Z n t S e <P»JgM:» ftuia I n G 

(10 0) BJzOfiigEtCjo^T. (3 11) Bil 

5W*g8Ctto:fraK:i:9. *fcttii*3gl 4tcfa@ 
LfcJZQt^. ffliai nGaAl PJBtt, ZntCJ:»K ml 
IB I nGa A 1 P«cpg>Z niftjgas. (100) BJh<£> 
WtttCfel^T 6 X 1 Q l2 C m^:^6 J: Oid. £fc (3 
11) BB±<PfE«EK:fcV*-Cl ■ 8X10Mcmdt:4 
5 J: 9*C K-:/<**U £fcS e\Z£V. huIB I nGa A 

i pa^os eaugas (loo) m±(ommz is^x 1 

XlQ lS cm^ (3 11) Bg±<P^«Cfe^T2X 

5W*qii 3IB^<D^fetcJ:>J. ^fcttW^Jli 5^IS 
^Lfei: i \z. ffiiatt»Q«a^»tc^ffift«flBtt 
(10 0) BfeJ:rJg (3 11) Bffifr^^ ffilg I nG 

nGa As Pl^ (10 0) BJbOffitttCfe^T 

n^tc. (3 11) BS±(Q«8t:fe^tpgt:<£5J: 

J: 9. tfcHW^gl 6tclE«LfcJ:otc> ffilElnG 
a Al PJBtt. Zn(Ci:9, ffiriai nGaAl PJl^O 
Zn»Jg^, (10 0) B±oa«i:fe^T7xlQ i2 
cm^Cfr5J;olC, £fc (3 11) BS±<Q««tCfe 



VVT2. 1 X 1 QUcmdllftS J: o\z K— ^£»u £ 
f:Set:J:l tfrffi I nGaAl Pl^S e 

(10 0) BJbo««i:fe^T 1 X 1 Q l ftcm^ (3 
11) BiJho«8t:tev^t 2 x l piic m^cts J: 
n\z K— 7*3*1,5 r fefrWat^SIMMU SfS^^r 
ifcttll*ai7t:EiLfcJ:ii:, fifties 
»Ofe*»W^^<HBfti»fliEtt (10 0) ffifeJitJg 

(3 11) ABfr-»fr» ilBInGaAl PJBfr H-?* 

n%i K— h^LTSe <PSl*§JH£|-£ ^n^CflP^ 5 
XSfr-Sfr. Z n ^ S e <7>jft^H. tula I n G a A s P 
Jg^S (10 0) ffi±<pffitt^j3^Tng>tC. (3 11) 

1 8 tCia^L^ J: Q tC. at?ta I n G a A 1 Pltl Z n 
>CJ:»K Mia I nGaAl Pl^^)ZnjSM (10 
0) m±<Dm&\Zi3>,^X2X I QX cTri ^{ZtJ:Z)£o 
IZ. *ti (3 11) Ag±<P«ttEK::m*Tl X 1 Ql Sc 

m ^zteZ>£ otc K— :/£*u S e tci: 9 . tufa I 
nGaAl PJjfrtPS e»f^ (100) B±Offi«£^ 

jov^ixioi scm ^ (311) Am±<pmmz& 

19^1BttLfcJ:5^ SfrE. ttrfBI nGa A 1 P^ 
ICBMCLT. n^!2(Z)InGaMPi^ fflfg^ 
^^^2^) I nGa A 1 PJBOBfltCp n^^^. fu 

la (3 11) Affi-bo««tcjtfa:UT«gti£ »ix5-to^ 
j»fetcJ:f9. ifcttW*g2 o^iatfeUfcJ: 5 tc. Mia 

«*<piBa^»^^«gft»affitt (loo) sioJ:tE 

(311) Aim, IfiEInGaAlPl^ R-7» 

ngj K— h^USe <P«ffiJR3|Sl-i: ^|B]^0i5 
XfSfr-ft^ Z n ^ S e <P»flFtt. ffiK I n G a A s P 
M& (10 0) S-h<Q««tCfeV^TnSj^fe>)gl<P« 
tt^»»i-5J:^^. (3 11) A ffi-bg>W«t3fe 

g teat * & wsftg 8 ia«<o^a^ t 

ffita»g<P^iB^-&i-5 
^l^ih imiagi<oftflBfctt»<gofc^ffi<D 
^2o^ B a B s»^ tf?fa^2^^B B B BHmiia5ggM 
t:fev^a«^ats: <^ ^ tswM 8 ia<t 
o^fetciiO. ^fcHi»3ft3l2 2tcia^LfeJ: otc. ffl 
fa I n G a A 1 P^^r K-7 , t5Ig(i. atiia I n G a 

aipi^ mia»ig>«asj:^ffi«^^^r«io 

mm&*. tit&m2<D&g,m±<Dmmz&\,^xm2(D. 

fcj:5^> mnam2^B B Bfgifi (311) ashm 



ffiia I n G a A 1 Pjitt. g?2(P* hy^7°jH3g 
tt. ffifa^2(D^ H B H B^»f^-j--5 (3 11) AB£"£tf 

L. MIE I n G a A 1 PJBtt. jjuiafl 2 (ft h7^/i 

» f j:5c»Bfe»^ri>^ar.j;»4frttA"*-aiii^g2 its 

tiEBS£<ft£B£ LT, ( 1 0 0) St^jPt-L-TM^Lfc^ 

2<ftgi]<ft I nG a A 1 PJt£. TiufEii 1 A TJ*3i 2 (ft I 
nGaAlPlOfell:. liftfE^ 2 (ft&ifaBKl&Jfc-r SSB 

fta^i:»<»«ir-t-a. §f^2 1-2 ^-f 

fcfcotC. £C>tC. Ga fcA »g>nmfr4»«-<-ar: £tc 
ir>). GaAsJgfr. OTBiE»(*3KSK:ttlT:cfcr»* 
»Hfc»Lft^ «a. SfeffiCG a A s JgtCtufafl 1 

*»**»a3ixaj:$ragtf .-<-ax»fr-**. <ma«3 

<ft^ h ^ 7M%£rte. OTB<B1 fei:tP3i 2 <ft;* h 7 
«afr»ft^att*giK:*ttS-» -ate.B.iB£ J: 0 BifiSc^ix 
Trfei?. MBGiAsWtrBtttSiatt. Z nJoJ:t/ 
S e ^ £ 1C J: <0 . flftfEG aAsl 

Z n j: S e K> I^B#tC. huISG a A s M<nHM. 

ttttW. (10 0) g±tcja*Lfc««j;te<o»ag 

Ig3feg2 9tC|g^LfcJ: QtC. fifilEGa Asl^K- 7* 
•f-aXStt. GaAslro^iTL^. (10 0) BJitC 

0 *,<S<ttaJ:Ttwgg?T;*:h,a- ^»it#^^^-aig^3i 

2 8fag(ft77tetCJ: 9. ±tii-tm&m3 OlzVMLtiX. 
j tC. flgfSG a A s/jfr K— yt5lMH. GaAsI 
(10 0) iE±<PfifcftLfc««fcj3^Tp3afcfe9. 

jgfrgtia^ jr feWfltj: 2 8fg@g37i-fetCJ: 

«2(OM»^-C*^HH^BEft-<-S^aH»*gj; :mE3K 
&gffi(ft— SB jr LT^figgix. BtiigSjg hfrfflffirg^Tj 
|5]tCjgfe-r-5 (10 0) BJ:9<eSIlg)^ 7*B 

^. ffltBg i <ft* h^^7 , s<o^ffiii(c. Hnia-g-^Tj-fSitz 

BEa-»--5J: otcff$^^n. (10 0) g^rttlfto 
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fr^ H B H ffiTM§?ja£ixfc-itt<ftS'J(ft:* h7-f7°Sjrtc.t 9 

ffiia«i(P*i»9>r^»K:*H8:L.fc:* k^t* 

^^r-g-tf I n G a A 1 P <fc 9 ^51 1 7 y KM 
1 <Pg 7 y KJggV*^ K=¥* y 7* J: 9 *^<V K^r^r y 7* 

<p*kvfe K-7-^g<*tm.£ <o mi&£h.ziz&m t ■. m 

fr*-a.fc SfcflSBESix. Mta«i (ft* h9^7T»afc» 
[ftlfc;* h7^7Wr£l£tPl n. G a A 1 P«J:0ft5 
« 2 0>» 9 y KJB : ffiC3K«TgKBm fritd— $ y 
^^atS^irof^ajr :IMg«2Q»7yKM± 

a^/ir<. S6gWK-«tft«fl r^K-7'»K-CteO. tfi 
fettj§^H3 2 fcHPAUfe J: o kl. mi g>aMM»fc K- 

7-^^. »ig>wa>t-.«2g?«*-c*^tftt=BEa-<-a 

i?.%tig±$-ttrig-&^7i-tS]trjaE^-j-a. « i (o^a B B7j(a^ 

tt5aaSJ:0fe5Sl^ H7^7-Sjr. MIME 1 

Ttc^ES^ix. %2(OS/iro ^^ H B B 7i-fe»^-t-a^ H B H S 
TMiit&^ixfc^roJ* h7-i'7 , SjrtcJ: 9«eS:^ixam 

' 2g?M>*-C*^lSltCBEa-«-aJ: OtC^B£^iXfe I nG 
a A 1 P J: 9 10^7-y jr : MfBm 1 <ft^ y 

•v KW HC. tffllMB 1 (O^ K 9 ^ 7^iS6K »& L-T^ 1 
PWfl>fe«2Q«re-CjWnat:i. ME «lQ»7yK 

H?.«i<ofea^fir»<r-<-a»*igJ: Qjgricgixfc«3g> 
^^^rB^r. mW£2<D* hy^7 'tgitC»t^:L. 
Ig-gr^TjI^ltCSe^L. BfifRm2gr>MR B H7jfe^r^i-a^B B B 
ffitcJ: 9 7T$gg.^fxfcm4(D^ hy^7'[ gj-(cJ: OIBcg^ 
h,5g2Q^ Ky^7*«^ >' : rnlffi^l<Q^7y KJB± 

tc. si<o«na>p>S2o«s^-cg-^i feitcsEfe-»-a J: ^ 

l=«BK»iX. ^K-7 > ^(^ t^±>?%fig»iX. mi CD 

m&o'm i<o**V7k&2 <D&m&<nm 2 g>*-» 'J r 
g3as»c>%2(pas^-cg^7j-tsitc. Hua ?-^^^g?— sgjr 



(44) 



(45) 
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graft i. mie«2g?tea^« -»<r-<-aa*iii^J:'J» 

■y RJB hid. ffifBS 1 ~S 3 <T)7s V u7m&izm-& L 
T^l<PiSa>P»^2g?ftS^-C-S-^t6ltC. mztfgKo? 

S7Q^h7-f7 , Mj:, 8figgS6^^ h ? * ZfmiZttfc 

ateftracfc 9ffi?5fc;ij:ixfcfS8<s>* h 9 k \z J: 9 
Bififc£*iaig4<0><. h7^7-«i£J- : fifilSgagTBtCig 

2<pm&5MS;£i:qftau-- Ktcfcv'-c. ffir 

Mfcpg! K— hfei:t*ng! K— Met 9 Y—zf 
Zh,xi3 9 . u— f ^-r a— K<p««i««frffiiafittfll 

3>ClS&Lfc.fc otC. BiligDiK-^VMlZnJ:') 

i-St§^J53 2iae<OU-Hf^^— KtcJ:9. Sfctt 
M*H3 4gettLfcJ:3fc. ffifEfSl. S3. 31533 

J:^7^h7^^an (loo) ffiio^ 1 ?- asta 

S2. «4. S6J3J:U=g8^b7^^ffilj: (3 1 
1) BBi:9fr9. fltflEm 1-^8 0^ h7^7 , Stj:< 
Oil >^|SlK:BaE-f ^»4#S£^aH?3:Ii3 2£ 
7S:te3 3 fE^to u-jf ^ ^- KfcJ:9. afcttlfisftij 
3 5(ClE@L7tJ: -7 (C. -Mia^l. S3. ^5jo<tI/^ 
7(73* h7^7°Btt. ffiB«2. S4. S6:fefcttff8 
<73;* hv^B^Hflefci-a— »t(73 (3 11) BtStCfcQ 

(3 11) Bat*. <0 1 1 >jf^zW.ti^iZ 
Si Ofrffigfg&fL. faJj<D (3 1 1) Bitt<0 1 1 
> frfa iZ W,fZi&&lzm 2<n&<T>j3fa \zm& L X ^ -5 C £ 

£fcttgg#ii3 6»cia@L^J: oi^. arias 1. s 

3. ^5feJ:I/g7^h7-<yaij: (100) BJ:9 
Mf&Zix. fifties. S4. feJ:t/m8<73^. YyJ 

ysn (311) asj: 9?E6fc£:h,. fifties 1 -s 8 to 

^ h7^yaii<0 1-1 >75-f5]tCS£fe-j--5r k 



tAW3ftiS3 7^1PALfcJ:^ tc. ffllB«l. S3. 315 

joi:lES7<ft* h7^7'Bg>£-*tt> ffiiJ^'b> fifties 

2. S4. S6*frttS8<73* h7^7-ffi»Mt5- 
*t<£> (3 11) ABntCfc 9&j$giU Stile— Mm (3 1 
1) ASP-*I1. <0 1-1 >^lftKJtfc«-frtC«l 

0. tfciltfM3 8tCfSfeLfcJ: STiieS!. S 

3. S5 33J:rjgS7(P.* hv^T'ara, tftfag&g^B 
^jtfLT«!4Ufe»*iEJ:0 <g').-WHa«2. «4. S 

3 9(CfE^Lfe±TtC. BflfBgl. «3. ^5feJ:l/m 
7fl^ hv^T'igiM: (3 11) AS.fc9ftSr£3ri|»% 

(±fi^Jl4 o fcl?.<t Lte J: otc. ffliegl. S3. ^5 
feJ:lfS7Q^ h7>T7'Btl (4 11) ASJ:f3<ear 
>-»il#^j;i--5St^ig3 SfSiE cOU— f^t- Kfc J: 
o. ^fcttfg^H 4 i tcfBISlfcJ: 5tc. MiemifeJ: 

3(P»77 KJg<ov ^-Tix^— 4>fc < ^ 
6<7tc. wfriam i feJ:u=m 2 oa^o-^^m^^^- 

^— Kg)g«l«ilEfr. MESttB^a. « riR«5<O^I> 

is»^BfeL : twiP-waaMWug ^Bft-i-a^ 7 y KWtt 

1 (D^-Zf^ =7 y KljrS2 (D^y? 7 -y K« ^ J: 0 ait 
» :tf[ieglg?»7-^7-y KlH. Sftfgfg 1 J:Qt«2 
roK-/^n:J:>). HlKFtc. ^-ix-gjxg? K— 7*u^/u 

r±. ffliagig)ty»7-yK^, Bnts m5(o^ f?^ 

(73^. K7W7 , rRt-^-j-am2^ B B B ^-fe?r^i-aig^ 
tcfei>^-CHitf?.g2(o h-—s<'s hcpmrnz aiz k— -r^ixa 

± ntc^:^-^^ : Bfil?.^2g>-»7'^ ; 7-y KWtt. HulEm 
OS l <^^g.^lC K— y^ix- HU§gm5(Q^ h^-rrs 

tcjtftTvLS i .y^&^ffifr^ areactcfev'-c. -fflctt 
&\a>mw.mzv-zr£i%. mi<n&n>*(h&2<D&±X' 

a. S 1 PgaM j-tt 5S B B 9 S J: 0 1 h 
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»g*fflK:gfr*-S.l:3tc*gj5 fc*h,. 15 2 ojjfrofcM 
&7T(frfr^-5& H B H BT?MJ&£:h,fcm2<7)* h?^/! 

Htc. jgi<o«aa»p»g2<o«^-e*^ifl»^aEa-faJ: 

: ffilMB 1 g>» 9 y KJW htC. tfflf53S 1 0>* K 7-f 7* 
£*lTft9» ffllE^l <7>* K 7^7*5 tC»HSL. atifEtg: 

^nfilKffttL.. mia»ig>ttfl:frffifr<ri-aii8f a gj: 

qffgfifc£ixfcfg3g3* YfJzfmk. llMMB2g>*. h =7 

q«fife£iT,. 8lJ?gttQgli0»t!;7j'«2O»i 
ttJBfe : flTCgteJlJiK. MIBISI. 2 (P* ^ 7* 

sEfeL. «ne«ig>te*3!rfft:fr»-<-aia*ffiJ:q?Bgftg? 
ixfcgsg?^. ^^yiL mtf&4<n>* h=7^ym\,z 

k:. «io«a»g>«2g>w^-c*^j!rrti^gffi-j-aJ:^ 

K»fiKSfrfcfc^*»tt»* gfe&«2(P»9y K« 
* :*MB«2g>*9y KW-kK. 9ftlE35 1 3 CO* h 

9 w 7TB»^*-fr its i (DttiM* c^m 2 ^a a^-c-g-^^- 
use. «nag2g>^?y KJiro-as^r LrsEfe-j-^J: o 

5y KI^LtaAtSIlfflti?gi: : ttHBai 2 
<P»9y K»±KHgttfe*U r;h.fcd--Sy»»«L. 
ME»20»»!)7«rlllllBSftiK. ME* 2 (73 9 7 y 

Kicjb-t>T. ggiefS2o&B B B :frfim. mimes 
ffiE»i&j:tjt»2g>8t»5gg>--arg>iB«a>ar 



- Kg>g«l«SE*rlffliafittJWK. flflMB3<P* h9-f 7* 

«^«»fr»rirt-a»yy k jiusi fe±tf«2<o» 

■/» 9 vmzitt*) : 1«ME« 1 (P-frT^ 7 y KJBtt. 
BiifBS l J3 J: tMK 2 tp K— J: Q *-in.**iO K— 

v^</W3> Unfai! 1 <Q*j-79 7 y KJirtv MIB^ 5 (73^. 
Ky^7m^ttL»l OiBftfrttfrg^&attKfeV* 
TMSSld K— K<7?aiffiSl^ K— 7*^H5 J: o 
\z. i/-»^'J7«ff^^ -tol:St^ti, Sfc 

7* S ixS J: 3 Kttfr » ;h, : 2 W » 7* » 9 y K« 

a., ffiitem 1 <73 k-/<^ h k in— wat«a »*i-a k- 

/<vfrK:J:P«Si<paMtS!fcK-7 , 3;h,. ffifMBSo* 
T. thlg^6(7)7: h7^7 , Si{C»H^i-5^§acJ:'9^^V^ 

1 ofefljirffitt. JHg^.iBtcjtfL-c. (311) Ait 

(411) AS<Pffl(Pfflia<Pflg-e«&lLTV''5r fcfr 
^fct±lfjfelg4 4tCfS^L^i: BnfBmi(7>MBlyj 

ffitt. imta (3 1 1) Aijri^ts: k* &mk-tz> 

H4 5tz?g^Lfe± otc. attie« 1 ofe a^rffirtA. Hiifa 
(411) Aififr»iP-rsr£fr4»atfc-<-a M*ig4 3 
gRttrou— y^w^-— k^±*7- ^fct±s§^H4 6 tela 

-*-sffiactcfev^r. H?ii5^2(O^B 3 a ^ »^-^-a^^J: 
1 tiM.*&*izLx\,*z>z.y*mkk-i-&n*i*4 2§a 

l^fcJ:otC. <mie«l33J:r^g-2P^9y K1P#* 

2<73jSR s RyTfiir»^ri-ae§acJ: »» ^g^^mTcb-cv^c 
^fr»»^t5W*il4 2*fctt4 6El (01/-f^ 

t?.^2<oife a 3 a ^(t>:(A. (100) asa»c» (111) as 

2 — 4 7 cno-to. \^i^t^—~^M.<r>\^—^y^ir 
— b'izX*). ^fc(llg^Jg4 9tcfB^L feJ:otc. huIS 

« 1 to* s 7^7^111. aag^.ig±fr*^ *isitcga 

KB. ffiiaS<*BfeJ:t^mi g«2g>^7y K/j±(c»t)£ 
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^&«»agiiEu mizm2 common. m?f5fS2<^ 

[#«M«jE6] 
[4lt2E#ft«a«] W»» 

[ttjE*ttk4S£] 0 0 5 0 

HtiErt*] 

[0 0 5 0] — ;6\ 08 (B) OT'nir^fip 1G a A 

tOS«1tit»3 0 0±t^. GaAs/<^77l3 0 3^ 
»ricS*t5SR^. J! 3 0 3£Z nSr^At^r fc^<t9 
pStc K— ^i-SXSSr-g-tfo SfeKl, Jf3 0 3^fi 
&3itzWH<^T\,^Z>r$\ZMg<Dm£&. GaAsi303 
coy — ^^/^^ t*^ (v^ n-<v^^^c— yu) 

iliGa A 0 3 i: ft»C*|*:U 

y7r»3 0 3±tC + IWJL3JL4 36Srit***taW»c:i4« 
l£—5£ttfc*oT^5 0 Sfe^, «fPiBJi3 0 4<OJ5S;fiBB 

^/U*^<OBt3i*ttZ n«J&#iti:lRl«Ftwie*>lCff Jt* 

tttt^5>iX. ^ 1 <7)^ 7 y KI 3 0 5 ^f^ife^tl 
So sto&^ric*^*. 13 0 4, 3 0 5(D/^- /i'Sg^ 
u^Hijl«S!)i:-£i:45, ^5yK13 0 5 

tr^ie->^/uJi^>'y—^ tax Sits, ^ K-yffitti 

5t^gttl3 0 6JttCS efcSV^ttS i K<fc 9 K— ^ 
£ixfc I n G a A 1 P X 9 fc£»2 4>^ 7yKI307 

[*«»jE7] 
[lIE^fl*] KM* 
[ffliE^a^g^] 0 0 5 8 

[0058] Hill (A) (UnGaAl P <D^- \f 9 * 

^a B B®JwO^T^i-giT-feO, SeW*WS (3 11) 
BBfcfcl^T (10 0) ffi± 9 fcifiO-fSw fcj&s*?** 
5 0 ^ft5^r, SeOiSS, ?foTi^gliInG 
a A 1 Pltlj: (10 0) ®C1*5^T (3 11) B®(C 
*5Bt5J: 0 t^«^-t"-5 0 InGaAlPil: 
S e K-^S^MgOSS^^i^m 

izttfci- 5 * -/u^jgg w^MiilS A BH tc £*B3fi£ I- 

-ST-fe5Ct^^5 o Si 1 (A) O^-C 

l*Mg<0«£tt (311) Bifcitf (100) ®<£>V^ 
■ftUCfcl^Tfc S e <Z>«S<fc 0 t»i^< tt5££iVC^5o 
-5:<D*§** I nGaAl Pil^Biiabf pilcK 



— ^stt, *fc (311) Bat (ioo) s-c^r-r y 

i9A*tt^tt, (10 0) ffi-C«-T-««!fts 
te^C ttcjBHLT*— ^»flE* s (3 11) B®±£_9_ 
( i o o) E±-cK< 4otv^5, ^:t\ mil 
(A) <73JRa*ffi5 wtl:«t 0. ^ 9 2x KS^fiSt** 5 
>-9-*3tO (10 0) ffi* h9^:/tt#T?»«WK:i6T 
U IH^t- (3 11) B»ffi"t?a^WtwitJDi-5J:5^ 

[*tE»**a*] 0 0 6 6 

[0 0 6 6] tSOK-T'i/^SrttofcS*, Hl_l_2_ 
l£»i»8B-C«Lfc (3 11) BB»#<D9WtS 
lc^fte£^5;L <b^T£, zti\zsm?7<y KJi 3 0 5 

^iNSifio (10 0) * b^'fy'mitZ.MfcL 

[**»jE9] 

HtIE#«ySB45] 0 0 6 8 

[0 0 6 8] ^9yKl20 7S:SeiZnl:J: 

«fc 5 fc«SffSfe*«iSSr^ 9 y KJB 2 0 7 I^MtS r t 
[^BHUIElO] 
[4§jE#**B*1 0 0 7 2 

[0 0 7 2] 
[*5] 

M>F (^t'J7) ggK/l/ (cm" 3 ) 



Zn 
Se 
'JT 



(10 0) 
7X1 0 IT 
' 1 x 1 0 ,f 
n = 3 x 1 0 ,T 



(3 1 1) B 
2. 1X10" 
2X1 0 18 
p= 1 X 1 0 17 



{^WiffijE l l ] 
[«IE»«*a«] 0 0 7 3 
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[0 0 7 3] fttC. ^77K13Q 5. 3 0 7tc£tbtC 

[«MHjE1 2] 
[1jE»*914] 0 0 7 5 

[0 0 7 5] Ell eHMOCVDSia^fiJtlfcG 
a A s«^*3U^T*i:*afttS^*{t:S:*i- 0 ^ 16^ 
#fia-T5tC, GaAsSS: (10 0) ffi-hKjS;*$-a\ 
SeiZn ftl^-f 1 X 1 0 18 c m- 3 CDffiST'i^^F 

\z K-yif:^, K««Jl36s#e>^S^i:36Sto3&*S. 
— £\ GaAsl^fi^^W (10 0) ®tw 
(111) BE*fnJfc«V*T^5»g\ Zn«| 
tt4^fc^ii»fcftfc|**»C«^U GaAsKinS 

ttJeUfctt** GaAsIli (10 0) K± 
^j&g Lfc»frM: Z n & fcfttil Stvfc*— /^ifi«HC>fc 

tc®'> u a i 6 j: 9 j: o izmmm^m^ 

I*«*jE1 3] 
[MjE»*«(4] 93*R* 

[liE*ft51*] 0 0 8 7 

[0087] B2 1I1, ZntSe T'lU^tC K— zf£tl 
tz I n G a A 1 P Ji tC33 S * V TffiS t «gfiB<aB8 

aiftu^yUS: (111) Affi:&ft^<0»fiBB<D«#AO 

u^/uSr-^ttU (111) Affi#[fiJ0>«#WI<0KI 
fttLTSt. Sfc* » = *fce=*ri-t*t-e*Ll nG 
a A 1 PJV^z ni:S et«i: K— •?£tl1t1fr&<D& 

H2ii*)^5J:5^ xt7^'>tM^ (10 

0) ffi±tc/Sft$tLfc»-gi;itt* Se^5)iR!iiSti5« 

^b'^^-v^/Wj a* (4 1 1) ABfe5V^tt ( 3 1 

1) AB5±tcj«ftS*ta«h&^ttiOB8«tt. 11, I 
2<DH«lc»frLTaSlEi-S. ± oattcftHCtt , (4 1 
1) AffifeSU^ ( 3 1 1) AiBJilcSftLfcit:^ 
v^/WIfip^|;i K— wixlc^LT (10 0) 

5 e B 2 l co#J-Cfi, (10 0) l x i o 18 

c m-^ffSIU^/l/i: 2 X 1 0 16 c m" 3 ^* — /U» 
£u^/uaq#<bii,5<Df;:*tU (3 1-1) Affi±-CliH 



— Oft#T-C»6 X 1 0 l6 cm-WfiI^tfi 
1X1 0 18 c m- 3 c07^— frfeBLV"<;l'i>iftbtlZ>o 
4] 

[*|jE»*3lB*] 0 0 9 2 

[0 0 9 2] M 2 3 Sr#Si"5 **lEWO if ^ 

KIlpSG a A s Sfi4 0 1 JiKJI£jSfc&iX"Cfr 
9, S«4 0 1 JitC ^IH 1 2<P^ ^fltag3 0 1 atC^g^ 

1MIK64 0 1alK0 1- l ^ftKS&l-S ( 1 0 
0) S^fc^* h7-f^!4 0 1 c *OWffll^ii«£ 
-T 5 (311) Affi^ffi^ftl 401b p 401b 2 
blzXvm&ZfrXteV, o i h^^BI l 2^ 

y ^ T M 3 0L3JC »JS L T s< v ? T m_40_2fr&I& S ix 
"CV^£ e £ MC. Bli 2<Pfr BUB3 0 4tC*jJfc1-£4 3 Pp t 1 
§4 0 3^^7714 0 2±CM^K5, c f J MJl4 

0 3 ktCtl . 13 1 2CQ^ 7 v KJB 3 0 5 tCfcttSi"* ^ 9 
y KH4 0 4#Mg ft K— h <h UTJBfiSSixTio 
9. K*4 0 4tt— «fcp3»;:K— :/ 

[#S£^jE1 5] 

[«IE2t&JSS£] 0 0 9 4 

[0 0 9 4] ^77 KJf 4 0 7 ±fctt. 5tO^160!l©ll 

1 2^^ Pg§3 0 8tC»JSi"5 I nGa P i U45nS! 
0*BBJ14 0 8 3ftSfiES*^ plGaAsi^i^iiSit 
RRih/14 0 9 a** BBS 4 0 8 Jttwj&ft SixS, £ 

14 0 9 tt* IBJ1 4 0 8*s«ffl*ix5 J: 

9 (C^— — V^£iX> nSGaAs3y^M41 
0 asfMttlfilLJl 4 0 9±lZ. «ffi$ixfc*inJi4 0 8* 

TSSWS4 11, 4 1 2A*J|4 1 0O±4I*5itfiS 
4 0 1 (DT^StC^iX^tb^-—^ ytffifrt* <fc 5 ICjg 
/££ixS e 
[*BM«jE 1 6 ] 

[*!jE#*3!B*] 0 0 9 9 

[MlE^ffi] 

[0 0 9 9] ^5yKl4 2 5,il:ScK- 

^^TVfc I n G a A 1 P X K) t£Z>%\<D? "7 v KB 4 2 5 
JPmtiLZIX* #K-7 p InGaPi945Bttl42 
6^I4 2 5 2 ±C, >*«Jt»C»-&-rS»*'C«J«S 
ix5 0 S1ii4 0 6±JCttpS I nGaAl PiDiS 
i77y K14 2 7^xt^^r*>t^U^ £<b(Cp 
il nGa P i9tt5 t t a M«4 2 8^7y KS 4 2 7 
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Ji4 2 9^J§4 2 8±ICii«ii!9, fifc*S^5 0 

3 0 * p SG a A s a ? h«±£Bl:*a* * 

f>i:nSGaAs!S4 2 1 <£>T£SIC~FS&WS 4 3 1 

[fiill 7] 
[«jE#*«»&] WWW- 
lffilE#1km3£] 0 10 5 

[0 10 5] Sffi4 4 1 ' ±Kf4, ISI2 5 ^x b7^r 
v/t/Hl:^t5xt^^f->t^l4 4 3 ' -4 4 

^^^14 4 3' ttaitT^ ^r">^/U«4 4 3Jw*tJS 
U xt7^r'>t^S4 4 4' (4^ fc° ^ v' ir /WI 4 4 

4 tCStJCSU. xW^/Vf4 4 5' ttai 

/UJI4 4 5lC*fJSU xt^^yt/V!4 4 6' tt^fcT 
^drv^y^4 4 6 tc*j-J5U 3itT#^->-1r/UJi4 4 
7* (4^fc° ^^'>t;vl4 4 7lc*ttSU 3Ltr^^->^r 
/U|44 8' t4^.fc°^arv'-Y/lWf 4 4 8fcl*fJEU ^ f 
?*2/^4 4 9* te^f^v'^/Wf 4 4 9tC>tfJ&t" 
5o fc£U *K-^JStt» 4 4 5, 4 4 

5' «r(fe^-C\ W«ffltti8e£*tT^S. 1 4 

44' OS^H p I I n G a A 1 P J: Di^^i 5 

f§»LTV^ 0 ra«Jw. 14 4 6' 144 
6' ^-0(75jf. •f-3it?*,Tffl«4 4 6! *5J:V±S8JB 
4 4 6 2 coaM<t 9 44jftT?fllLtv^. 

[fffllEl 8] 

[«jE#**S«] Htt* 

[*3E»*qiB*] 0 13 7 

[0137] HI 3 7 (4(21 3 5 (O U— if d"— K<OSU(D 

I6 0 1b^ (100) StC^LT (111) A 05^7 fp] 
K»+8° MLfenlG a As5S6 0 1 Zi&mT 

i- 0 sfec SS6 o i ict4< o i - i >jjft^m&-r 

_&2L+«3i 6 0 1 a 3&sjBj5££;h/C*5 9 , /fSit6 0 1 
a (4 (3 11) AS^{ico{R[)SDi6 0 1c £r;ft,tC;ttft 
i-5±5J-»J*Six (10 0) ®a><b (1 11) A®* 
fttC-9° ^««»Lfc9J<0«ISffi 6 0 1 d tizX 9 
lj/££rvc^£ 0 t<D'i&^ mms 0 i dliS«6 0 l 

i^mmiEi 9] 

[*|jE*t*3SB*] 0 13 8 



[0 13 8] rO± 5J-^$ttfc5«6 0 l±tc, ^ 
t^^->t^!6 0 2-6 0 6^ift±ia$tl, -CO 5 
^ 16 0 2 tela 3 5^ 77 KJ15 0 2 IcSe-WE U 1 
6 0 3 tela 3 5 (Pg ttJB 5 0 6 tCjtfJS U ;f6 0 4t4M 
35<Q^ 7y Kl 5 0 7lC*tJSU 16 0 5 ttB35(P 
2.5yKi5 0 8lc#*U » 6 0 6 ttB 3 5 <PJ» 5 0 
9(C*f^-r5o £h\Z s pSGaAsi^^^y^^ 
M6 0 7 ^H3 5<D = ls** M5 1 1 tCJtJSLTJI 
6 0 6±tCjf^^^5 o 16 0 7(DiL£S±tCf4 

±ffi«ffi6 0 8ds. Jt£S6 0 l<Z)T±ffi±KttT«B 
«ffi6 o 9ds^stt5. 16 0 2I4S e Sfc 

ttSiaUSCK-7 B $tl, -^16 0 4, 6 0 6*4 
Mg£fct4Z niC<k "9 p^t- K— :/£Jx£ 0 — * 7 
y KI6 0 5(df4Z ni:S eOHHK-^4Sft6, 

[#jg&*iiE2 0] 

[ttjEtt**8(«] si® 

HffiE»**B*] 0 2 1 

[121] 
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[ftii2 1 ] 
[*tjE#*«Si4] SB 
HHlE*t*JKB*]. B3 6 
[*|jE*fe] 

[136] 
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m 7 stiesvo— 3E»wf*st-j® 




2 3 ] 

[ttjE*tft*8«] El® 
[*3E««3SS«] 142 
[*EE#J6] £H 

[142] 




i^mmiE2 2] 

Hf jE*Hfe«S4] H4 l 

[04 1] 
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